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ABSTRACT
Test equivalence can be evaluated in terms of four aspects: psychometric, behavioural,
experiential and individual differences (i.e., relativity of equivalence) (Honaker, 1988).
This thesis comprises two studies designed to explore the equivalency of scores
obtained on conventional versus computerised measures of cognitive ability in terms of
all four criteria. In addition, this thesis provides theoretical clarification of the link
between computer anxiety and performance. This objective was achieved by developing
a theoretical model for exploring the effect of computer anxiety on computer based test
(CBT) performance and test equivalence. The first study was conducted in an
organisational setting and employed a repeated-measures mixed design to examine the
equivalency of two Australian Defence Force (ADF) personnel selection tests. Hence,
the first study was divided into two phases. Phase 1 of Study 1 examined the
equivalence of Test MX, a multiple-choice test of simple mathematics, using data from
a sample of 685 ADF applicants. Phase 2 explored the equivalence of Test C, a timed
clerical aptitude test, based on test score information from 781 ADF applicants. Study 2,
on the other hand, was conducted in an educational setting and employed 180
undergraduate students to examine the equivalency of the Australian Council for
Education Research Quantitative Test (ACER-AQ). Psychometrically, the results of
Study 1 showed that scores obtained on the conventional and computerised versions of
Test MX and Test C were not equivalent. Although similarities in rankings were found
across the computer and conventional tests, the results demonstrated that the two
formats differed in terms of mean scale scores, dispersion, and distribution of scores.
From a behavioural perspective, differential speededness and/or omit patterns were
found across the conventional and computerised versions of Test MX and Test C.
Moreover, the results of Study 1 suggest that the two administration modes were not
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experientially equivalent. However, these experiential differences did not affect
computer-conventional equivalency. With respect to relativity of equivalence, the
results of Study 1 indicated that scores from the two formats did not vary as a function
of the individual characteristics of interest (i.e., test anxiety, trait anxiety, state anxiety,
computer anxiety, computer experience, computer thoughts). In extending theory and
research on computer anxiety, the results of Study 1 provided some support for the
theoretical model proposed by demonstrating that computer thoughts mediated the main
effect of computer anxiety on CBT performance. In contrast, Study 2 employed a fourgroup, counterbalanced, repeated-measures design to examine the equivalency of the
ACER-AQ in terms of all four equivalency criteria. The results of Study 2 demonstrated
that the conventional and computerised formats of the ACER-AQ were equivalent in
terms of psychometric and individual difference aspects. However, the two forms
differed in terms of behavioural and experiential aspects. Taken together, the present
findings suggest that test-taking behaviour and experiential factors need to be examined
as potential sources of construct-irrelevant variance in computer-based testing. Practical
and empirical implications for computer-based assessment are discussed. In addition,
future research opportunities and theoretical developments pertaining to the computer
anxiety-performance linkage are considered.
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CHAPTER ONE: Introduction
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1.1 Research Aims
Over the past three decades computers have played an integral role in the scoring of
psychological tests (Butcher, Perry, & Atlis, 2000). The rise in popularity of computerbased testing is most likely attributable to advantages of using this technology
including, increased test security, cost reduction, superior measurement precision,
instantaneous score reporting and automatic record keeping for item analysis (Bugbee,
1996; Drasgow & Olsen-Buchanan, 1999; Mazzeo & Harvey, 1988; Parshall, Spray,
Kalohn, & Davey, 2002; Tseng, Macleod, & Wright, 1997). In light of these advantages
many employers, psychologists, educators and researchers have converted conventional
or paper-and-pencil (p&p) tests to computer-based test (CBT) formats. For instance, the
increasingly rapid advances in computer-based technology have facilitated the use of
computerised testing in the area of military selection and assessment (Neil, 1996; Segall
& Moreno, 1999; Van de Vijver & Harsveld, 1994). As noted by Neil (1996), a number
of countries affiliated with the North Atlantic Treaty Organization have computerised
their military selection tests (e.g., Canada, France, Germany, Netherlands, United
Kingdom, United States). This growth in the use of computerised testing has been
paralleled in the areas of psychological and educational testing primarily within the
United States (McDonald, 2002). This is demonstrated by the computerisation of a
number of cognitive tests such as the Raven’s Progressive Matrices (Waterfall, 1970),
the Peabody Picture Vocabulary Test (Space, 1975), Graduate Record Exam (GRE:
Mills, 1999; Schaeffer, Reese, Steffen, McKinley, & Mills, 1993) and the Test of
English as a Foreign Language (TOEFL: Stricker & Wilder, 2001).

Although the advantages of computerised testing are well established (Parshall et al.,
2002), the real potential of computer-based assessment is only just being explored
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within Australia in areas such as personnel selection and large scale educational testing.
For example, in the last four years the Australian Defence Force (ADF) has invested
considerable time and energy into the automation of a number of its personnel selection
tests. Likewise, organisations involved in large-scale educational testing such as the
Australian Council for Educational Research (ACER) also finds itself subject to this
current trend to computerise their educational tests (ACER, 2003). However, a
fundamental issue in making the transition to computerised testing from conventional
testing is the equivalence or comparability of computer-generated and p&p scores
(American Psychological Association, 1986). Accordingly, this thesis investigates the
equivalence of scores from computerised and conventional measures of cognitive ability
within Australian organisational and educational environments. The first study reported
in this thesis addresses the issue of test equivalence within an organisational setting (i.e.,
Australian Department of Defence). The second study examines test equivalence within
an educational setting.

Two pertinent issues relating to the use of automated tests for psychological assessment
are the equivalency of computer-generated scores and corresponding p&p scores, and
the validity of test score interpretations (Clauser, Kane, & Swanson, 2002; Ford, Vitelli,
& Stuckless, 1996; Green, 1998; Neuman & Baydoun, 1998; Steinberg, Thissen, &
Wainer, 1990; Van de Vijver & Harsveld, 1994; Vogel, 1994). Concerning test score
equivalence, the American Psychological Association’s (APA) Guidelines for Computer
Based Tests and Interpretations stipulate that: “Scores from conventional and computer
administrations may be considered equivalent when (a) the rank order of scores of
individuals tested in alternative modes closely approximate each other, and (b) the
means, dispersions and shapes of the scores distributions are the same, or have been
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made approximately the same by rescaling the scores from the computer mode” (APA,
1986, p. 14). These guidelines also maintain that, “When interpreting scores from the
computerised versions of conventional tests, the equivalence of scores from
computerised versions should be established and documented before using norms and
cutting scores obtained from conventional tests” (APA, 1986, p. 16). Thus, in view of
the APA (1986) guidelines, test developers and/or administrators cannot assume that
their computer-based cognitive ability tests are equivalent to their p&p or conventional
counterparts without first demonstrating test equivalence.

The validity of CBT interpretations, on the other hand, relates to the underlying
construct(s) that the test measures (Association of Test Publishers, 2000). Attempts to
establish construct equivalence provide valuable evidence on whether the attributes
measured by computerised assessment methods are similar to those attributes assessed
through conventional methods. One potential source of validity error that needs to be
considered in computerised testing is construct irrelevant variance. Construct irrelevant
variance refers to variance attributable to factors pertaining to the test-taker and/or testtaking environment that may impinge on performance, but are not associated with the
construct being measured (Association of Test Publishers, 2000). A review of the
equivalency literature suggests that test-taking behaviour, experiential factors and
individual difference variables represent potential forms of construct irrelevant variance
in computer-based testing (Honaker, 1988; McDonald, 2002). Consequently, all three
sources should be examined before generalising validity information from a
conventional test to its computerised counterpart.
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Previous studies attempting to validate computerised tests have shown that changes in
response format and item presentation may compromise the validity of the CBT by
evoking changes in examinees’ test-taking behaviour. For instance, cross-mode
differences in response rates (i.e., speededness) and item omit patterns have been
reported in equivalency studies (Chin, Donn, & Conry, 1991; Eaves & Smith, 1986;
Goldberg, 2000; Green, 1988; Pomplun, Frey, & Becker, 2002; Schaeffer et al., 1993;
Van de Vijver & Harsveld, 1994). In light of these findings, the effect of test mode on
examinees’ test-taking behaviour needs to be addressed in the evaluation of construct
equivalence.

Concerning experiential factors, a small body of research suggests that examinees’
attitudes towards the test-taking experience may differ as a result of the varying test
formats (e.g., Goldberg, 2000; Segall & Moreno, 1999). Therefore, the conventional and
computerised modes can be perceived and experienced differently by examinees.
However, there is little information on how these experiential differences between the
modes affect test performance (McDonald, 2002). As a result, further research in this
area is needed to determine how these experiential differences may affect computerisedconventional equivalency (Honaker, 1988; Stricker & Wilder, 2001).

Research further suggests that individual difference variables may present another
source of construct irrelevant variance in computerised testing. The main individual
difference variables that have been proposed to affect equivalency include computer
experience, computer anxiety, test anxiety, state anxiety and trait anxiety (see
McDonald, 2002, for a review; Powers, 1999; Shermis & Lombard, 1998; Vogel, 1994).
If scores on the p&p and computer-based versions differ as a function of these
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individual difference variables then validity data from p&p tests cannot be generalised
to their computer-based counterparts (Hofer & Green, 1985; Huff & Sireci, 2001). It is
important to note that unlike the other individual difference variables, very little
theoretical and empirical work has attempted to link computer anxiety to performance
on computerised tests. However, available evidence suggests that computer anxiety can
have a detrimental effect on CBT performance (Tseng, Tiplady, Macleod, & Wright,
1998). Given that test developers should strive towards fairness and equity for all testtakers, theoretical and empirical developments pertaining to the computer anxietyperformance relationship are worthy of attention (Association of Test Publishers, 2000).

Although there is considerable literature on individual differences in relation to
computers per se, only a few studies have systematically addressed how individual
differences such as computer anxiety may influence test score equivalence (e.g., Tseng
et al., 1998; Vispoel, Rocklin, & Wang, 1994; Vogel, 1994). Consequently, there is an
absence of any rigorous and systematic investigation of the potentially relevant
individual difference variables that may affect equivalence. In addition, there is an
absence of research addressing the effect of experiential factors on test equivalence. The
majority of equivalency studies have generally addressed only a subset of the
equivalency criteria. Hence, no research to date has provided a systematic evaluation of
all four criteria necessary to establish that test formats are equivalent. Accordingly, this
thesis explores the equivalency of scores obtained on conventional versus computerised
measures of cognitive ability in terms of all four criteria by conducting two separate
studies within an organisational and educational setting. It is important to note that this
thesis is concerned with computer-based testing rather than computer adaptive testing
(CAT). Computer-based testing used a computer to administer the exact same test items
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as the conventional test. In CAT, the computer selects test questions to administer based
on the examinee’s response to previous questions (Bugbee, 1996; Wise & Plake, 1989).
Accordingly, Section 1.2 provides a brief overview of both studies, which explores the
equivalency issue in the context of computer-based ability testing.

1.2 Overview of Studies 1 and 2
With respect to Study 1, the ADF is currently converting a number of their cognitive
ability tests used for personnel selection and classification from p&p to computer. As a
result, there is interest in determining whether current cutting score, reliability and
validity data from the p&p test formats can be generalised to the computerised formats.
Hence, Phase 1 of Study 1 explores the cross-mode equivalence of Test MX (Australian
Department of Defence, 2001), a multiple-choice test of simple mathematics, in terms
of psychometric, behavioural, experiential and individual difference aspects. Phase 2 of
Study 1 explores the equivalence of Test C (Australian Department of Defence, 2001), a
timed clerical aptitude test, in terms of all four criteria. In noting the limited amount of
theoretical and empirical work linking computer anxiety to CBT performance, Study 1
draws on theory to examine the effect of computer anxiety on examinees’ speed and
accuracy of responding. A repeated measures mixed design was used in Study 1 to
address the equivalency issue. In collaborating with the Australian Department of
Defence Psychology Research and Technology Group, this was the most practical
research design for assessing applicants within their naturalistic setting. Notable
advantages of using this design include the acquisition of “real-world” data, collected in
“high-stakes” test conditions, using an Australian population.
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Study 2, on the other hand, employed a four-group, counterbalanced, repeated-measures
design to examine the equivalency of the ACER Quantitative Test (ACER-AQ: ACER,
1978) within an academic setting. In using this design, Study 2 provides data that are
directly comparable to the APA (1986) guidelines for demonstrating psychometric
equivalence. Accordingly, a pertinent issue in the equivalency literature concerns the
type of methodology used in testing formatting effects (Rasulis, Schuldberg, &
Murtagh, 1996). Equivalency studies have employed variations of both betweensubjects and within-subjects (i.e., repeated measures) research designs (Bugbee, 1996;
Mazzeo & Harvey, 1988; Mead & Drasgow, 1993; Schulenberg & Yutrzenka, 1999).
Researchers employing retest methodology encourage the use of a four-group,
counterbalanced, repeated measures design because this design offers a less confounded
and more comprehensive evaluation of the equivalency criteria (Harrell, Honaker, Hetu,
& Oberwager, 1987; Honaker, 1988; Wilson, Genko, & Yager, 1985). With respect to
the APA (1986) guidelines, the repeated measures groups allow for a direct comparison
of the reliability of the two modes, while the counterbalanced groups allow for the
evaluation of obtained mean, dispersion, distribution and ranking of scores across the
formats. Despite the advantages only a handful of equivalency studies have utilised this
design when testing format effects (Harrell et al., 1987; Pomplun et al., 2002; Wilson et
al., 1985). Thus, Study 2 of this thesis differs from most of the past research by
adopting a within-subjects design that is completely crossed with four mode-ofadministration treatments. It also provides a comprehensive examination of the
equivalency criteria by examining the computerised-conventional equivalence of the
ACER-AQ in terms of psychometric, behavioural, experiential and individual difference
aspects (i.e., relativity of equivalence) using Australian undergraduates as participants.
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Collectively, this thesis varies from past research in (1) examining the cross-mode
equivalence of cognitive ability tests in terms of all four equivalency criteria, (2)
drawing on both “real world” and student populations, (3) devising a questionnaire to
explore the impact of experiential factors on test equivalence, and (4) providing a
systematic examination of the effects of several individual difference variables on test
equivalence. With respect to individual differences, it is important to note that this
thesis also varies from past research by providing a theoretical basis for the study of
computer anxiety and its effect on CBT performance and test equivalence.

1.3 Overview of Thesis
This thesis is organised in the following way. Chapter Two discusses the importance of
demonstrating test equivalence in terms of psychometric, experiential and individual
specific aspects (i.e., relativity of equivalence). For the purpose of this research,
however, these criteria are extended to include behavioural aspects. Hence, a summary
model that describes each of the equivalency criteria is presented in Chapter Two, while
research pertaining to psychometric and behavioural aspects is also reviewed. This
summary begins by outlining key findings from past reviews of the equivalency
literature. Pertinent research findings from studies using speeded tests, power tests, and
timed power tests of cognitive ability within educational and organisational settings are
reviewed in turn. Chapter Two also provides a brief summary of studies examining
formatting issues as a potential source of non-equivalence.

Chapter Three provides a review of research studies that examine test equivalence in
terms of experiential and individual difference aspects. It begins with a definition of
experiential equivalence and then outlines pertinent findings from studies comparing
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conventional and computerised tests in terms of their experiential aspects. Plausible
areas for future research are discussed in the process. Chapter Three also reviews
studies that have examined equivalence in terms of individual and population specific
aspects (i.e., relativity of equivalence). Studies exploring the interrelationship between
computerised test performance and variables such as computer experience, state anxiety,
trait anxiety, test anxiety and computer anxiety are addressed in turn. Overall, this
chapter demonstrates how inconsistencies in the measurement and definition of
psychological constructs such as computer experience and computer anxiety make it
difficult to draw general conclusions for the effect of individual difference variables on
test equivalence. Moreover, this review indicates that the current body of research on
relativity of equivalence is largely atheoretical. As a result, pertinent anxietyperformance theories are outlined to assist in the interpretation of past empirical
findings while offering a theoretical framework for future research on relativity of
equivalence.

Chapter Four surveys the key theoretical models pertaining to the computer anxietyperformance relationship. The discussion focuses on Glass and Knight’s (1988)
cognitive interference theory of computer anxiety and Deane, Henderson, Barrelle,
Saliba and Mahar’s (1995) state-trait theory of computer anxiety. Empirical evidence in
support of both models is addressed, while theoretical limitations are noted. Each
model’s unique contribution to understanding the effect of computer anxiety on
cognitive performance is considered and implications for computer anxiety assessment
delineated. When reviewing Deane et al.’s (1995) state-trait theory of computer anxiety,
the Processing Efficiency Theory (PET: Eysenck, 1992; Eysenck & Calvo, 1992) is
introduced as a theoretical model bearing on the nature of the computer anxiety-

10

performance relationship. Although the PET has been used to account for the adverse
effect of test anxiety on cognitive performance, research evidence suggests that the
theory may apply equally to the study of computer anxiety (Deane, Henderson, Mahar,
& Saliba, 1998; Glass & Knight, 1988). Hence, Chapter Four also summarises the major
empirical findings from computer anxiety research that support the application of the
PET to the study of the computer anxiety-performance relationship. In light of these
findings, the Cognitive Interference Model of Computer Anxiety (CIM-CA) was
developed for this thesis to provide a theoretical framework for the assessment of
computer anxiety and its effect on CBT performance and test equivalence. The latter
half of Chapter Four addresses the application of the CIM-CA to the study of the
computer anxiety-CBT performance relationship. In particular, the discussion focuses
on the mediating role of negative computer thoughts on the computer anxietyperformance linkage.

Chapter Five outlines the rationale for both Studies 1 and 2. In providing an overview of
Studies 1 and 2 Chapter Five also delineates the objectives, research questions and
hypotheses pertaining to both studies. Research instruments are described in the latter
half of Chapter Five.

Chapter Six presents the findings of Phase 1 of Study 1, which explores the equivalency
of Test MX (Australian Department of Defence, 2001) in terms of psychometric,
behavioural, experiential and individual specific aspects. Applicants of the ADF were
randomly assigned to either a paper-to-paper (P-P) or paper-to-computer (P-C)
administration condition. Psychometric equivalence was examined by comparing the
mean, dispersion, distribution and rank order of scores across modes. Equivalency was
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examined in terms of behavioural aspects by comparing indices of test speededness and
item omit patterns across the p&p and computer-based versions of Test MX. With
respect to experiential equivalence, the Attitude Towards Computerised Testing Scale
(ATCAS) was developed for the purpose of this thesis to compare examinees’
attitudinal and emotional reactions towards computerised versus conventional test
environments. A description of this instrument and its factor structure can be found in
Appendix B. Thus the experiential equivalence of Test MX was established by
comparing examinees’ responses on the ATCAS. Relativity of equivalence was
investigated by examining the separate and interactive effects of selected individual
difference variables (test anxiety, state anxiety, trait anxiety, trait computer anxiety,
state computer anxiety, computer experience, intrusive computer thoughts) with scores
obtained on the conventional and computerised versions. Given the noticeable lack of
theory pertaining to the computer anxiety-CBT performance linkage, the CIM-CA was
employed as a framework for assessing computer anxiety and its effect on CBT
performance. In drawing on the CIM-CA, Study 1 also examined the association
between trait and state computer anxiety and the mediating role of computer thoughts
on the computer anxiety-performance relationship.

Chapter Seven presents the findings of Phase 2 of Study 1, which explores the
equivalence of Test C (Australian Department of Defence, 2001), a 40-item, timed
clerical, aptitude test, in terms of psychometric, behavioural, experiential and individual
specific aspects. Again, ADF applicants were randomly assigned to either a P-P or P-C
administration condition. The research aims, design and analyses were similar to those
reported in Chapter Six.
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Chapter Eight presents the findings of Study 2, which explores the equivalency of the
ACER-AQ (ACER, 1978) in terms of psychometric, behavioural, experiential and
individual specific aspects. All four criteria were examined in a manner consistent with
that of Study 1. However, Study 2 differs from Study 1 by employing a four-group,
counterbalanced, repeated measures design to investigate the equivalence of scores
obtained on the computerised and conventional versions of the ACER-AQ. To this end,
undergraduate students were randomly assigned to either a paper-to-paper (P-P),
computer-to-computer (C-C), paper-to-computer (P-C) or computer-to-paper (C-P)
administration condition. In utilising this design, Study 2 provides data directly
comparable to the APA (1986) guidelines for demonstrating computerised-conventional
equivalency.

Chapter Nine outlines the empirical implications of the research, while practical and
theoretical contributions are also considered. The main empirical contributions outlined
concern the (1) importance of exploring construct equivalence in terms of behavioural,
experiential and individual difference aspects, (2) providing a comprehensive and
systematic evaluation of individual difference variables that may affect test equivalence,
and (3) introducing a reliable and valid measure of experiential equivalence. The
practical implications addressed in Chapter Nine include (1) the need for test developers
to demonstrate psychometric equivalence before offering the same norms and cutting
scores from the p&p test to interpret the CBT, (2) the importance of exploring testtaking behaviour as a potential source of construct irrelevant variance in computerised
testing, (3) the fact that differential speededness calls for modifications to the time
limits imposed on computerised tests relative to their p&p counterparts, or the
development of separate norms, and (4) the need to develop suitable intervention

13

strategies to reduce examinees’ level of computer anxiety in CBT situations (e.g., pretest tutorials). The theoretical implications include (1) clarification of the state-trait
conceptualisation of computer anxiety, (2) clarification of the computer anxiety-CBT
performance relationship, and (3) the development and expansion of the cognitive
interference model of computer anxiety. In light of the third implication, the CIM-CA is
elaborated upon in Chapter Ten thus contributing to the development of the
Transactional Process Model of Computer Anxiety (TPM-CA).

The discussion of the TPM-CA in Chapter Ten is intended as a new heuristic framework
for representing the antecedent conditions, dispositions and cognitive processes that
encourage individuals to react with state anxiety over a range of situations involving
computers. The TPM-CA draws heavily from transactional process models of stress
(Lazarus, 1966; Lazarus & Folkman, 1984) and test anxiety (Spielberger & Vagg, 1995;
Zeidner, 1998), and cognitive models of computer anxiety (Deane et al., 1995; Glass &
Knight, 1988; Smith & Caputi, 2001). As a result, the model also provides a theoretical
framework for analysing the effect of computer anxiety on cognitive performance.
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CHAPTER TWO: Psychometric and Behavioural Aspects of
Equivalency: Definition and Review of the Literature
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This chapter addresses the criteria necessary to establish that conventional and
computerised formats are equivalent and summarises research in light of two of these
criteria. In Section 2.1 test equivalence is defined in terms of psychometric, behavioural,
experiential and individual difference aspects. Section 2.2 summarises findings from
early reviews of research studies that compare the psychometric equivalence of
computerised and p&p measures of cognitive ability. Section 2.3 presents findings from
equivalency studies using speeded tests of cognitive ability within educational and
military environments. Speeded tests are designed to assess processing speed and are
thus comprised of easy items administered under stringent time limits. A power test, on
the other hand, is designed to examine the test-taker’s ability in a given context area and
is thus administered without time limits. Tests designed to measure power subject to
practical limitations on time are referred to as a timed power test (Mead & Drasgow,
1993). In light of this distinction, Section 2.4 reviews the studies that have compared the
equivalency of power tests and timed power tests of cognitive ability. Section 2.5
summarises findings from research investigating formatting issues as a potential source
of non-equivalence. Section 2.6 outlines the chapter’s major conclusion and addresses
the limitations of past research, while noting areas for future research.

2.1 Conceptual Model of Test Equivalence
Based on a review of the equivalency literature, Figure 1 provides an overview of how
test equivalence is conceptualised in the research literature (Bugbee, 1996; Hank &
Schwnekmezger, 1993; Hofer & Green, 1985; Honaker, 1988; McDonald, 2002; Mead
& Drasgow, 1993; Van de Vijver & Harsveld, 1994; Wise & Plake, 1989). It outlines
the fundamental types of equivalence, the criteria and methodology employed for
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demonstrating equivalence, and the implications of equivalency findings on test score
interpretation.

When addressing test equivalence the quantitative-qualitative distinction is particularly
important as it provides a conceptual basis for the study of test equivalence (McDonald,
2002; Mead & Drasgow, 1993; Van de Vijver & Harsveld, 1994). The quantitative
dimension is concerned with demonstrating numeric score comparability or the extent to
which computer and conventional tests yield comparable scores. The qualitative
dimension, on the other hand, is concerned with structural equivalence or the extent to
which two versions of a test measure the same psychological construct (Van de Vijver
& Harsveld, 1994).

Based on work by Hoffer and Green (1985) and Honaker (1988), Figure 1 shows the
criteria necessary to establish that test formats are equivalent in light of the quantitativequalitative distinction and the implications of non-equivalence for test score
comparability. Quantitative equivalence is demonstrated through the examination of
psychometric criteria as shown in Figure 1. At the test-level scores from the p&p and
CBT administrations may be considered psychometrically equivalent if the means,
dispersions and shapes of the score distributions are approximately the same (APA,
1986). If examinees are ranked similarly across administration modes then changes in
central tendency and variability can be remedied by linear transformation.
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Dimensions of Test
Equivalence

Criteria for Equivalency

Implications of NonEquivalence for Test Score
Comparability

Quantitative
Concerned with
numerical test score
comparability

Psychometric Aspects
•
•
•

Mean scores
Dispersion of scores
Distribution of scores

Ranked Similarly But
Non-Equivalence
Demonstrated
•

Qualitative
Extent to which two
versions of a test
measure the same
psychological
construct

Changes in central
tendency and
variability can be
remedied by a linear
transformation
If distributions are
different then nonlinear
transformation such a
equipercentile equating
can be used

Psychometric Aspects
•
•
•

Rank order
Confirmatory factor analysis
Correlate with external
criteria

•

Individual/Population
Aspects
•
•

Correlations
Interaction between
administration mode and
individual difference
variable

Experiential Aspects
•
•

Correlations
Interaction between
administration mode and
experiential factors

Behavioural Aspects
•

Indices of test speededness
and item omit patterns

Different Constructs
Being Measured
No procedure to make the
tests comparable if:
•
•
•

Rankings are dissimilar
The two forms correlate
differently with
external criteria
If the two forms yield
differential behavioural
patterns

Figure 1. A conceptual model of the four criteria for demonstrating test equivalence.
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If the distribution of examinees’ scores differ across administration modes then a more
complex non-linear transformation such as equipercentile equating can be used
providing the ranking of individuals across forms is similar. If rankings are dissimilar
across modes then different constructs are being measures and thus test scores cannot be
used interchangeably (Hofer & Green, 1985; Mead & Drasgow, 1993).

From a qualitative perspective, two forms of a test are considered equivalent if they
satisfy the criteria necessary for demonstrating psychometric, experiential and relativity
of equivalence. These criteria are extended in this thesis to include behavioural aspects,
which concerns the study of speededness and item omit patterns as a source of construct
irrelevant variance in computerised testing.

Qualitative equivalence is evaluated in terms of psychometric aspects through
confirmatory factor analysis (CFA), comparing the similarity of ranked scores across
forms, and deriving correlations with an external criteria (see Figure 1). These statistics
examine the underlying construct that is being measured and thus the qualitative
equivalence of the two forms (Biggerstaff, Blower, & Portman, 1996; McDonald, 2002;
Turban, Sanders, Francis, & Osburn, 1989; Van de Vijver & Harsveld, 1994). When
deriving correlations with relevant external criteria, a number of researchers have
examined the construct validity of p&p and CBT forms by examining the relationship
between selected individual difference variables and performance across administration
modes (Goldberg, 2000; Powers, 1999; Tseng et al., 1997; Tseng et al., 1998; Vispoel et
al., 1994). In light of this research, several investigators have stressed the importance of
examining qualitative equivalence in terms of individual and population specific aspects
(Hank & Schwnekmezger, 1993; Honaker, 1988; McDonald, 2002; Rasulis et al., 1996;
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Stricker & Wilder, 2001; Tseng et al., 1998; Vispoel et al., 1994). Honaker (1988) refers
to this criterion as relativity of equivalence.

Relativity of equivalence is concerned with the study of individual difference
characteristics that are likely to differentially affect a person’s response to conventional
versus computerised testing. If scores from the two test formats covary differently with
a particular variable then it is likely that separate constructs are being measured. Hence,
individual difference variables may interact with test administration mode thus affecting
the construct-related validity or qualitative equivalence of the test administration
procedures (Honaker, 1988; McDonald, 2002).

Test formats can also be evaluated in terms of experiential equivalence, which focuses
on examinees’ perceptual, emotional and attitudinal reactions towards computerised and
conventional formats. If an individual’s reactions to the test formats differ then the
testing experience is qualitatively different. In this instance, the construct measured by
each test is affected and so their qualitative equivalence (McDonald, 2002). Honaker
(1988) notes that, “These effects can occur in addition to or instead of changes in the
psychometric equivalence of the test itself” (p. 562). Hence, this third criterion for
equivalency is also concerned with the underlying construct that is being measured.

Test-taking behaviour is introduced in this thesis as a fourth criterion for demonstrating
qualitative equivalence. It is concerned with the study of speededness and item omit
patterns as a source of construct irrelevant variance in CBT scores. Research suggests
that changes in the format of item presentation and response recording required by the
switch to computers may lead to differential completion rates (i.e., differential
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speededness) and item omit patterns across modes (e.g., Goldberg, 2000; Greaud &
Green, 1986; Pommerich, 2000; Pommerich & Burden, 2000; Pomplun et al., 2002;
Schaeffer et al., 1993; Van de Vijver & Harsveld, 1994). Hence, the computerisation of
conventional tests may introduce error into examinees’ test scores by measuring
individual differences that are irrelevant to the construct being assessed. In this context,
individual difference characteristics refer to strategy shifts or changes in test-taking
behaviour brought about by the change in test administration mode.

As shown by the dashed line in Figure 1, examinee characteristics relating to each of the
experiential, relativity and behavioural criteria present a potential form of construct
irrelevant variance in CBT which may occur in addition to, or instead of, changes in the
psychometric equivalence of the actual test (Honaker, 1988; Huff & Sireci, 2001). If the
two modes are found to measure difference constructs then no procedure can be used to
make the two forms comparable (Mead & Drasgow, 1993). Test score validity is
compromised when scores from the two formats correlate divergently with an external
variable, and/or when test-takers are ranked differently between the two modes.

In noting that test equivalence can be evaluated in terms of psychometric, experiential,
individual/population and behavioural aspects, the rest of this chapter addresses
research pertaining to the study of psychometric and behavioural aspects.

2.2 Past Reviews of the Psychometric Equivalence Literature
In an early review of the test equivalence literature, Mazzeo and Harvey (1988)
analysed some 30 studies in four broad areas: (a) computerised tests using slide and/or
free response items, (b) untimed tests consisting of single screen items, (c) timed tests
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consisting of single screen items, and (d) tests comprised of items based on reading
passages. They concluded that (a) the number of omitted questions on a CBT differ
from those on p&p tests (i.e., fewer omissions on a CBT than p&p test), (b) test scores
from computer-based speeded tests are unlikely to be comparable to their p&p
counterparts, (c) graphics in CBT affect examinees’ test scores and consequently their
equivalence with p&p versions, and (d) tests with reading passages may be more
difficult when administered on the computer. On the basis of these findings, Mazzeo
and Harvey (1988) proposed that separate norming and/or equating should be performed
before replacing a p&p version of a test with its computerised counterpart.

In subsequent reviews of the equivalency literature, Wise and Plake (1989) and Bugbee
(1996) provided support for Mazzeo and Harvey’s (1988) viewpoint by noting the
importance of conducting separate norming and/or equating studies when introducing
computer-administered versions of standardised tests. However, a contrasting viewpoint
was offered by Bunderson, Inouye and Olsen (1989) after their review of the
equivalency literature. Bunderson et al. (1989) reported three studies showing that
computer administered tests produced higher mean scores than their p&p counterpart,
nine studies in which the CBT produced lower mean scores than the p&p version, and
eleven studies where no cross-mode performance differences were found. Therefore,
cross-mode differences were more frequently reported with higher mean scores on p&p
tests proving more common than on computer-administered tests. However, the authors
maintained that the test-level mode effects were of little importance. They concluded
that, “The score differences were generally quite small and of little practical
significance” (Bunderson et al., 1989, p. 378).
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Mead and Drasgow (1993), on the other hand, reported cross-mode differences of
practical significance in their review of equivalency research. Specifically, they
examined the cross-mode equivalence of timed power tests and speeded tests of
cognitive ability using meta-analysis. They reported a disattenuated cross-mode
correlation of .97 for timed power tests (i.e., power tests and tests with liberal time
limits) and a correlation of .72 for speeded tests. These results demonstrate a negligible
effect of computerisation on power tests and a sizeable effect on speeded tests. Mead
and Drasgow (1993) attributed this mode of administration effect to differences in the
kind of motor skills required when completing a speeded test on computer versus p&p.
Since the publication of Mead and Drasgow’s (1993) work three studies (summarised in
Section 2.3) have reported conflicting results when comparing the cross-mode
equivalence of speeded tests (Neuman & Baydoun, 1998; Pommerich, 2002;
Pommerich & Burden 2000; Pomplun et al., 2002; Van de Vijver & Harsveld, 1994).

2.3 Comparative Studies of Speeded Tests of Cognitive Ability
Van de Vijver and Harsveld (1994) utilised the Dutch version of the General Aptitude
Test Battery (GATB: Unites States Department of Labor, 1970, cited in Van de Vijver
& Harsveld, 1994) to investigate the effect of computerisation on applicants test
performance. The instrument used was a translation of the original GATB, a multiplechoice speed test of general intelligence comprising seven sub-tests, namely, form
matching, arithmetic reasoning, tool matching, vocabulary, three dimensional space,
computation, and name comparison. Equivalency was demonstrated by comparing the
performance of 163 military applicants on the computerised version of the GATB with
the performance of 163 matched applicants completing the p&p version of the test.
Quantitative equivalence was examined by comparing mean performance scores on the
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p&p and computerised versions of the GATB. Qualitative equivalence was investigated
by CFA and by correlations of the GATB with four other p&p measures of cognitive
ability. Qualitative equivalence was also investigated by comparing differences in testtaking behaviour, operationalised in terms of the number of solved, omitted and the
proportion of correctly solved items across administration modes.

Although structural equivalence of the two test forms was demonstrated through the use
of CFA, the examination of quantitative equivalence demonstrated a discernible
influence of computerisation on examinees’ test performance. With regard to mean
performance, significantly higher scores were found on the computerised version of
some sub-tests (i.e., name comparison, tool matching), but not others (i.e., vocabulary,
three-dimensional space and form matching). With regard to test-taking behaviour,
cross-mode differences in speed of responding were found with the computerised test
yielding a higher average number of solved items and thus faster responding on all but
two sub-scales (i.e., vocabulary, form matching). When examinees’ response patterns
were compared across modes, significant differences were found on all seven sub-scales
for the proportion of correctly solved items and the number of omitted items. These
findings suggest that the two test modes yielded different levels of speed and accuracy,
with the computerised version encouraging quicker responding and the p&p version
more accurate responding.

Van de Vijver and Harsveld (1994) explained the faster completion rates on the
computerised test in terms of the perceived demand characteristic of the test condition.
They maintained that computers are often associated with high-speed performance an
impression potentially reinforced by the processing speed of computers during testing.
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As a result, Van de Vijver and Harsveld (1994) postulated that examinees in the CBT
condition adapted their behaviour to coincide with these perceptions thus contributing to
faster responding on the computerised version of the GATB. Overall, these findings
underscore the importance of exploring test-taking behaviour as a potential source of
construct irrelevant variance impacting on test validity and test score equivalence.

Recently, Pomplun et al. (2002) reported on the psychometric equivalence and
predictive validity of the Nelson-Denny Reading Test (Brown, Fishco, & Hanna, 1993,
cited in Pomplun et al., 2002), a speeded test of reading comprehension. Two hundred
and fifteen high school students completed Forms G and H of the Nelson-Denny
Reading Test in computerised and p&p form. Both forms are comprised of 80
vocabulary items with five answer choices and 38 comprehension questions with five
answer choices. Overall, results supported small or no differences in score variances,
rank-order correlations and prediction of course grades. However, mean score
differences of statistical and practical significance were found in favour of the CBT.
The results indicated that for both forms the computerised version produced higher
vocabulary scores than the p&p version, while one form also had higher comprehension
and total scores on the computerised version. Pomplun et al. (2002) attributed the
superior performance on the CBT to faster response speed associated with the use of a
mouse to record responses as opposed to a pencil and separate answer sheet. They
concluded that differences in response procedures were the primary cause of the mode
of administration effect.

Neuman and Baydoun (1998), on the other hand, found comparable performance on
p&p and CBT versions of a speeded clerical test battery. They compared the
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performance of 411 undergraduates on a p&p and computerised version of the Office
Skills Test (OST: Science Research Associates, 1984, cited in Neuman & Baydoun,
1998) using a counterbalanced, repeated measures design. From a quantitative
perspective, the two test forms demonstrated psychometric equivalence as evidence by
comparable mean scores and dispersion measures. With regard to item-level mode
effects, the results indicated that items on both the p&p and computerised version were
comparable in terms of item difficulty and discrimination. Findings pertaining to the
study of qualitative equivalence indicated that the p&p and CBT versions were
measuring similar traits as evidenced by CFA and the similarity of rankings across
forms. The effect of administration mode on the relationship to an external criterion
(i.e., job performance) was also examined. Results indicated cross-mode similarity in
predicting job performance. Based on these findings, Neuman and Baydoun (1998)
argued that score equivalence of speeded tests could be achieved when minimising
differences in formatting and response procedures across administration modes.

Although Neuman and Baydoun’s (1998) study makes several contributions, it does not
test for order effects before combining test score data collected on the first and second
administrations of the OST. A number of studies have reported a significant interaction
between test modes and test-order when utilising a within-subject design (Alkhadher,
Clarke, & Anderson, 1998; De Beer & Visser, 1998; Schaeffer et al., 1993). This order
effect suggests that the influence of testing format may differ as a function of whether
the conventional or computerised test is completed first. However, in Neuman and
Baydoun’s (1998) study an initial analysis was not performed to determine possible testorder effects. Rather, test scores for the paper-to-computer group and computer-to-paper
groups were combined irrespective of test-order. Since the presence of a test-order
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effect may confound the treatment effect (i.e., mode of administration), Neuman and
Baydoun’s (1998) findings should be interpreted with caution.

Given the research evidence, test developers cannot assume that computer-based
speeded tests will yield scores that are comparable to their p&p counterparts without
first demonstrating equivalence. As outlined in Section 2.4, equivalency studies using
power and timed-power tests have also yielded mixed findings.

2.4 Comparative Studies of Performance on Power and Timed Power Tests
Conducted with Student Populations
A number of equivalency studies of power and timed power tests have been conducted
using elementary (Anderson, 1987; Olsen, Maynes, Slawson, & Ho, 1986; Pilypas,
1997) and secondary school students as participants (Chin et al., 1991; De Beer &
Visser, 1998; Russell, 1999; Russell & Haney, 1997). However, the discussion in this
section is limited to equivalency research conducted with undergraduates in academic
settings since a comparable sample was used in this thesis. In general, the body of
research addressing the psychometric equivalence of timed power tests using university
students has yielded rather inconsistent results with some studies demonstrating crossmode equivalence (Mason, Patry, & Bernstein, 2000; Sternberger, 1998), and others
demonstrating non-equivalence (Goldberg, 2000; Mazzeo, Druesne, Raffeld, Checketts,
& Mauhlstein, 1991). For instance, Mazzeo et al. (1991) reported mode of
administration effects on the mathematics section rather than English section of the
College-Level Examination Program General Examinations (CLEP). They conducted
two separate equivalency studies within higher educational settings to examine the
comparability of computer and p&p versions of the CLEP General Examinations in
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Mathematics (College Board, 1978, cited in Mazzeo et al., 1991) and English
Composition (College Board, 1986, cited in Mazzeo et al., 1991). The purpose of the
first study was to examine the psychometric equivalence of scores obtained on a
prototype computer-administered version of the CLEP and its p&p version. Based on
the results of the first study a number of modifications were made to the prototype
versions. A second equivalency study was then conducted using the revised CBT. Both
studies employed a counterbalanced, single group, repeated measures design.

Although formatting difference were minimised across modes, Mazzeo et al. (1991) still
reported a mode of administration effect in Study 1 for both the mathematics and
English composition examinations. On both examinations the results indicated that for
the group completing the computerised versions first, the average score on the
computerised test was significantly lower than the average scores obtained on the
conventional test. For the group completing the p&p versions first, no significant
differences were found between scores obtained on the p&p and computer-based
versions. For the mathematics examination, however, this mode of administration effect
was limited to the first section, which comprised 40 multiple-choice questions covering
arithmetic, algebra, geometry, and data interpretation. A second equivalency study
followed using a modified version of the prototype CBT. The results of Study 2
suggested that the technical modifications eliminated the mode of administration effect
for the English composition examination, but not for the mathematics examination.
Taken together, a modest but clearly discernible influence of computerisation was found
on the initial section of the mathematics examination.
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Likewise, Schaeffer et al. (1993) and Goldberg (2000) have reported mode of
administration effects on the GRE when minimising formatting differences across
modes. Both studies report on the quantitative and qualitative equivalence of the GRE,
while providing a comprehensive examination of examinees’ test-taking behaviour
across modes. Schaeffer et al. (1993) examined the cross-mode equivalence of the p&p
versus computerised version of the GRE and its verbal, quantitative and analytical
measures. Examinees were administered the p&p version of the GRE in October 1991
(T1GRE) and then re-administered the same GRE test on p&p (S-T1GRE) or computer,
approximately five and half weeks later. In an attempt to estimate retest effects, 184
test-takers were given the same test in p&p form (i.e., S-T1GRE). For the remaining
1017 examinees, the initial paper test was administered on computer. The computer
form was identical to the p&p form in terms of sections, item types, and number of
items. However, the computer version took two to three seconds to access and present
each item and thus the time allotment for the computer version was 32 minutes relative
to 30 minutes for the p&p test.

Concerning the study of psychometric equivalence, no substantive test-level mode
effects were found for the verbal and analytical measures. However, a small but
significant test-level mode effect was found for the quantitative section of the GRE.
Accordingly, Schaeffer et al. (1993) devised an equating formula to adjust for the
difference between scores on the p&p and CBT. They also performed differential item
functioning (DIF) analyses to examine item-level mode effects. Specifically, item
response theory (IRT), Mantel Haenszel (MH) and logistic regression statistics were
used to identify items that differed in difficulty across modes. Comparisons were
performed among the CBT, p&p pilot, and October 1991 GRE administration groups.
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Although results from the IRT analysis indicated that a number of items were more
difficult on computer than on p&p, the authors concluded that the observed item-level
mode effects were representative of normal sample fluctuations. Likewise, no
substantive item-level mode effects were evident based on findings from the MH and
logistic regression analyses. From these findings Schaeffer et al. (1993) concluded that
item-level mode effects were small in magnitude and mainly due to practice rather than
mode effects.

In addition, Schaeffer et al. (1993) examined cross-mode differences in test-taking
behaviour by deriving four indices of test speededness, namely, (1) percentage of
examinees answering the last item in the section, (2) percentage of examinees
completing 75 % of items, (3) items reached by 80 % of the examinees, and (4) a ratio
of “not-reached variance” and “total score variance”. The results based on these indices
indicated that the computer-based versions of the quantitative and analytical scales
yielded slower responding than the p&p version. Taken together, Schaeffer et al.’s
(1993) findings suggest that changes in response recording (i.e., keyboard versus p&p)
required by the switch to computers may impact upon examinees rate of responding,
which may differentially affect performance across administration modes.

In general, Schaeffer et al.’s (1993) research has a number of strengths. They were the
first to utilise IRT, classical statistics, MH and logistic regression procedures to examine
the cross mode equivalence of p&p and CBT. Moreover, they were the first to provide a
systematic examination of test-taking behaviour as a potential source of construct
irrelevant variance in computer-based assessment. Their study also demonstrates the
importance of examining both item-level and test-level mode effects when comparing
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scores obtained on p&p versus CBT. However, a noteworthy limitation of Schaeffer et
al.’s (1993) study, brought about by practical constraints, concerned the research design.
Since the CBT was always administered second it is difficult to delineate test mode
effects from retest effects. Therefore, potential effects associated with repeated testing
were confounded with mode of administration effects. Attempts were made by
Schaeffer et al. (1993) to address this limitation by including the S-T1GRE group
(completed the p&p test on both occasions) to help isolate and quantify retest effects.

Goldberg (2000) also investigated both test-level and item-level mode effects on a
practice form of the GRE across three levels of test mode: paper administration,
computer with editorial control and computerised without editorial control. The study
was designed to explore potential differences in GRE test scores and item characteristics
due to test administration mode and editorial control. With reference to Goldberg’s
(2000) study, editorial control concerns the extent to which the testing medium allows
the examinee to skip, review, or change answers during testing. A sample of 222
students were stratified by sex and randomly assigned to one of the three test mode
conditions. Examinees assigned to the editorial control condition were permitted to skip,
review, and/or revise item responses, unlike examinees assigned to the computerised
without editorial control condition. A comparison of test means indicated that
examinees in the p&p group achieved significantly higher scores on all three sub-tests
of the GRE relative to the computerised without editorial control group. Moreover, DIF
was found among the higher performing participants in the no editorial control group
(as compared with one item for the lower performing group), and two items were
flagged for the higher performing participants in the editorial control condition (as
compared with no items for the lower performing group). Based on these findings,
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Goldberg (2000) concluded, “Regardless of the editorial control factor, scores on the
computerized tests were not equivalent to the paper-and-pencil version of the test” (p.
211).

In addition, Goldberg (2000) examined the effect of administration mode on examinees’
test-taking behaviour by using the same indices of test speededness employed by
Schaeffer et al. (1993). All four indices of test speededness indicated that the Analytical,
Quantitative, and Verbal sub-tests of the GRE were noticeably more speeded in the
computer-based formats. Examinees in the p&p condition progressed through the test at
a faster rate than examinees assigned to the CBT conditions. In light of these findings,
Goldberg (2000) concluded that performance on the CBT relative to the p&p test was
critically and detrimentally affected by test speededness. Goldberg’s (2000) study
reinforces the importance of exploring test-taking time as a variable that may lead to
non-equivalence. The differential response patterns found across modes suggests that
modifications in the way test items are presented on a computer may affect the rate at
which students approach test items thus impacting on test equivalence.

2.5 Formatting Issues Contributing to Non-Equivalence
A number of researchers have attributed non-equivalence to formatting differences
across modes (Baisden & Reich, 2000; Bridgeman, Lennon, & Jackenthal, 2001;
Bugbee, 1996; Butcher, Perry, & Atlis, 2000; Cates, 1993; Chin et al., 1991; Dimock &
Cormier, 1991; Finegan & Allen, 1994; Hofer, 1985; Hofer & Green, 1985; Honaker,
1988; Laguna & Babcock, 1997; Mason et al., 2000; Mazzeo & Harvey, 1988; Parshall
et al., 2002; Pommerich, 2002; Spray, Ackerman, Reckase, & Carlson, 1989; Webster
& Compeau, 1996; Whitener & Klein, 1995; Wise & Plake, 1989). For instance, cross-
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mode differences in editorial control and item presentation have been cited as potential
sources of non-equivalence. Several investigators have argued that the inability to utilise
these features on a CBT may account for some of the test score variability between
modes (Chin et al., 1991; Dimock & Cormier, 1991; Spray et al., 1989; Webster &
Compeau, 1996). Corroboration for this assertion comes from a recent study by Mason
et al. (2000) involving 27 psychology undergraduates who completed ten identical unit
tests. Each test comprised 20 multiple-choice test items and was administered via p&p
or computer. The CBT was programmed to allow examinees to scan, preview, review,
skip, or change answers in order to provide all of the test-taking options available on the
p&p test. When controlling for formatting differences across modes, comparable mean
scores were obtained on the computer and p&p tests across all ten units. Mason et al.
(2000) argued that conventional and computerised tests of cognitive ability should yield
equivalent scores when editorial control or navigational features are held constant
across modes. Although Mason et al.’s (2000) study addresses formatting issues in
CBT, the multiple-choice test employed, and the small student sample and thus low
statistical power, limits the generalisability of these findings to other settings and testing
contexts. Moreover, in light of the studies reviewed in Sections 2.3 and 2.4 a number of
researchers have reported score differences even when formatting differences were
minimised across modes (Goldberg, 2000; Mazzeo et al., 1991; Schaeffer et al., 1993;
Van de Vijver & Harsveld, 1994).

It is important to note, however, that in each study the p&p test presented several items
per page while the CBT presented items individually. As a result, some researchers have
argued that changes in the format of item presentation may affect test equivalence. The
argument suggests that presenting items individually may demand new and/or different
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test-taking strategies that may have a detrimental effect on examinees’ performance
(Chin et al., 1991; Davis & Cowles, 1989; Goldberg, 2000; Hofer & Green, 1985;
Pommerich, 2002; Schaeffer et al., 1993). When items are presented individually,
examinees cannot scan numerous items simultaneously in search of easier items or
readily omit items, both of which are commonly used strategies in p&p testing. To the
author’s best knowledge only one study to date has explicitly addressed the relationship
between item presentation and cross-mode performance on tests of cognitive ability.
Dimock and Cormier (1991) conducted two independent studies to determine whether
performance differences occurred when presenting items in groups, as in the traditional
p&p form, versus presenting items individually on index cards, or individually on the
computer. The Verbal Reasoning Test of the Differential Aptitude Test (Forms S and T:
Bennett, Seashore, & Wesman, 1972, cited in Dimock & Cormier, 1991) was used in
both studies. The test consists of 50 analogies with the first and last words missing, and
is thus designed to measure the ability to understand concepts framed in words. Overall,
the results indicated that changes in the format of item presentation across modes had no
effect on examinees’ test-taking performance. However, with a small sample comprised
of 36 students, the findings of the second study lacked statistical power (Bausell & Li,
2002). As a result, additional research exploring the effect of the visual display of test
items (i.e., single item per screen versus several items per page) on test equivalence is
warranted.

Another characteristic indigenous to computerised assessment that may affect
computerised-conventional equivalency concerns the method of response recording.
Some investigators have suggested that using a mouse may be easier than marking a
separate answer sheet and thus more efficient (Federico, 1992). Schaeffer et al. (1993),
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on the other hand, argued that under timed conditions rapidly filling response ovals on a
p&p answer sheet might be easier than clicking through uncompleted questions on a
CBT. In light of these differences, it seems plausible to assume that examinees’ rate of
responding (i.e., speededness) may differ as a function of the input device utilised thus
affecting test equivalence and validity. Importantly, differential speededness may result
in an overall shift in the difficulty of the test resulting in two forms that are nonequivalent (Mason et al., 2000; Mazzeo & Harvey, 1988). Moreover, as noted by
Hambleton, Swaminathan and Rogers (1991), if differential speededness is found across
modes then it is plausible to assume that the two test formats are measuring different
constructs. Specifically, if the test becomes more or less speeded when computerised
then at least two traits are impacting on test performance, namely, speed of performance
and the ability or trait measured by the test content. In the p&p form, however, it is
assumed that a single ability or trait is necessary to account for examinee test
performance (Embretson & Reise, 2000; Hambleton et al., 1991). Consequently,
differential speededness should be addressed before generalising validity information
from tests administered on p&p to computer.

2.6 Summary of Research Findings Pertaining to the Study of Psychometric and
Behavioural Equivalency Criteria
The research findings are mixed when considering the equivalency issue in the context
of achievement and ability testing. Although there are a number of studies in which
cross-mode equivalence is evident (see Bugbee, 1996; Mazzeo & Harvey, 1988; Mead
& Drasgow, 1993, for reviews), other studies have found that p&p tests encourage more
accurate responding (Van de Vijver & Harsveld, 1994), and CBT encourage quicker
responding (Greaud & Green, 1986; Pomplun et al., 2002; Van de Vijver & Harsveld,
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1994), with one noteworthy exception (Goldberg, 2000). Cross-mode differences in
item omit rates have also been reported with the p&p mode yielding a larger number of
omitted or skipped items than the computer mode (Schaeffer et al., 1993; Van de Vijver
& Harsveld, 1994). Together, this body of research suggests that administering a
conventional test on computer may affect examinee’s test-taking behaviour to such an
extent that qualitative and quantitative equivalence is compromised (Chin et al., 1991;
Van de Vijver & Harsveld, 1994). Furthermore, cross-mode differences in the input
device utilised may also affect test equivalence (Dimock & Cormier, 1991). In view of
this research evidence, test developers cannot assume that computerised tests are
equivalent to p&p versions without first demonstrating test equivalence. The equivocal
findings calls for additional research in this area. In particular, researchers should
continue to examine the nature of formatting differences between the modes and their
impact on test-taking behaviour and thus test validity. Moreover, equivalency research
conducted in “high-stakes” or “real-world” test situations is also needed. Ideally, such
research should be based on a four-group, counterbalanced, repeated measures design to
derive data that is directly comparable to the APA (1986) guidelines. In addition, a
number of researchers have called for more equivalency research based on larger
samples and more heterogeneous populations for increased generalisability (Harrell et
al., 1987; Honaker, 1988; Mazzeo & Harvey, 1988; Pilypas, 1997; Schulenberg &
Yutrzenka, 1999). Thus opportunities for future research on psychometric and
behavioural aspects of equivalence lie in several directions.

In addition to formatting differences, a body of research evidence suggests that testtaker characteristics may be a direct source of non-equivalence. As a result, a number of
investigators have discussed the importance of examining test equivalence in terms of
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experiential and individual specific aspects (e.g., Hank & Schwnekmezger, 1993; Hofer
& Green, 1985; Honaker, 1988; McDonald, 2002).

The next chapter surveys relevant research on experiential and relativity of equivalence.
Experiential equivalence is defined in Section 3.1 followed by a summary of recent
empirical works. Section 3.2 provides a definition of relativity of equivalence and
summarises current research addressing the impact of selected individual difference on
CBT performance and test equivalence. The interrelationship between CBT
performance and the individual difference variables of computer experience, state
anxiety, trait anxiety, test anxiety and computer anxiety are addressed in turn. Since this
body of equivalency research is largely atheoretical, when appropriate prominent
anxiety-performance theories are outlined to assist in the interpretation of past empirical
findings, while offering a theoretical framework for future research on relativity of
equivalence.
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CHAPTER THREE: Experiential and Relativity of Equivalence:
Definition and Review of the Research Literature
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3.1 Experiential Equivalence: Definition and Research
Although psychometric equivalence has traditionally been used to assess test
equivalence, test formats can also be evaluated in terms of experiential equivalence
(Honaker, 1988). Honaker (1988) noted that factors affecting experiential equivalence
include emotional, perceptual and attitudinal reactions towards computerised testing.
The study of experiential equivalence is pertinent not only because of test-taker
concerns, but also because test validity may be affected insofar as these reactions
represent an irrelevant source of variance in examinees’ test scores (Stricker & Wilder,
2001). As a result, a number of researchers have focused on examinees’ satisfaction
with, and reactions to, computer-based assessment methods relative to conventional
testing methods. This body of research suggests that examinees’ reactions towards
computerised testing have generally been positive with the majority of examinees
indicating a preference for computerised rather than conventional testing methods (see
Goldberg, 2000; Hedl, O’Neil, & Hansen, 1973, for notable exceptions). For instance,
positive attitudes towards CBT have been reported in military (Segall & Moreno, 1999),
organisational (Arvey, Strickland, Drauden, & Martin, 1990; Richman-Hirsch, OlsonBuchanan, & Drasgow, 2000; Schmitt, Gilliland, Landis, & Devine, 1993), and
educational settings (Bernt, Bugbee, & Arceo, 1990; Bocij & Greasley, 1999; Burke,
Normand, & Raju, 1987; Chin et al., 1991; Gigliotti, Smerglia, Falk, & Neiswander,
1994; Moe & Johnson, 1988; Parshall & Kromrey, 1993; Powers & O’Neill, 1993;
Schaeffer et al., 1993; Singleton, Horne, & Thomas, 1999; Steele, Palensky, Lynch,
Lacy, & Duffy, 2001; Stricker & Wilder, 2001; Zandvliet & Farragher, 1997). Research
has also found that the strength of this preference increases with usage or practice on
computerised tests (Powers & O’Neill, 1993; Tonidandel, Quinones, & Adams, 2002).
Therefore, investigations of experiential equivalence suggest that examinees’ reactions
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towards the test-taking experience may differ as a result of the varying test formats thus
affecting the constructs measured by the test (McDonald, 2002). As a result, future
equivalency research needs to address experiential factors as a potential source of
construct irrelevant variance in computer-based assessment.

Although research suggests that examinees’ attitudes towards computerised testing are
often favourable, little is known about the potential effect of such attitudes on CBT
scores and thus psychometric equivalence. Rather, the majority of studies addressing the
relationship between examinees’ reactions towards computerised testing and
performance focus on anticipated rather than actual performance (e.g., Bocij &
Greasley, 1999; Goldberg, 2000). Overall, the findings are contradictory with some
studies indicating that students expect to achieve higher scores on a p&p version of a
computerised test (Goldberg, 2000), while other studies have found the opposite (Bocij
& Greasley, 1999; Zandvliet & Farragher, 1997). Few studies to date have explored the
direct effect of examinees’ perceptual and attitudinal responses towards computerised
testing on test performance (Fulcher, 1999; Legg & Buhr, 1992; Stricker & Wilder,
2001). Fulcher (1999), for example, examined test preference in students’ attending a
university summer school and found that their attitudes towards taking the CBT and
p&p test had no significant effect on test scores. Recently, Stricker and Wilder (2001)
found that examinees’ attitudes towards the computerisation of the TOEFL was only
moderately related to test performance in three countries, namely, Buenos Aires, Cairo,
and Frankfurt. In light of their findings, Stricker and Wilder (2001) concluded that
examinees’ attitudes were not a principal source of irrelevant variance on the
computerised TOEFL test.
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Taken as a whole, only a limited amount of work has linked experiential factors to test
performance. Future research addressing the potential effect of examinees’ attitudes
towards specific aspects of the CBT format on quantitative and qualitative equivalence
is warranted. The generalisability of this research could be enhanced by devising a
common measure of examinees attitudes towards computer-based testing. Currently, a
number of different measures have been devised to examine test-takers’ reactions
towards the CBT situation (Bocij & Greasley, 1999; Burke et al., 1987; Chin et al.,
1991; Fulcher, 1999; Parshall & Kromrey, 1993; Powers & O’Neill, 1993; Schaeffer et
al., 1993; Stricker & Wilder, 2001; Zandvliet & Farragher, 1997). For instance, Burke et
al. (1987) developed a nine-item questionnaire to evaluate users’ attitudes towards
various aspects of the CBT environment such as the clarity of test instructions,
sufficiency of allotted practice before starting the test, readability of items on the
computer screen, ease of answering items, anxiety elicited by computerised testing, and
test preference. Bernt et al. (1990), on the other hand, devised an eight-item measure to
compare test-takers’ general beliefs about the relative difficulty of computerised exams,
while Ogilvie et al. (1999) simply questioned whether the computer examination
increased student’s comfort. As with most constructs the use of a common measure will
enhance the validity of future studies while improving the comparability of findings
between studies. Therefore, research should also focus on devising a common measure
of examinees’ reactions towards the test-taking experience that is both reliable and
valid. To this end, the Attitude Towards Computerised Testing Scale (ATCAS) was
developed for the purpose of this thesis to assess examinees cognitive and affective
reactions towards computerised testing (See Appendix B).
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3.2 Definition of Relativity of Equivalence
In addition to psychometric and experiential equivalence test formats can also be
evaluated in terms of relativity of equivalence. Relativity of equivalence concerns
individual difference characteristics that are likely to affect test equivalence (Honaker,
1988). Sections 3.3 to 3.6 provide a comprehensive evaluation of research relating to
individual difference variables and their relation to CBT performance and test
equivalence. Equivalency research designed to explore the relationship between CBT
performance and the test-taker characteristics of computer experience, state anxiety,
trait anxiety, test anxiety and computer anxiety is reviewed in turn. A definition of these
key constructs is also provided for the purpose of clarifying terms used in the context of
this study and in the related literature.

3.3 Computer Experience: Definition and Relation to CBT Performance and Test
Equivalence
Despite the voluminous body of empirical work there has been little consensus on the
definition and measurement of computer experience. The lack of agreement about what
constitutes computer experience has resulted in a number of instruments purporting to
measure computer experience. For example, Smith, Caputi, Crittenden, Jayasuriya and
Rawstorne (1999) found that computer experience or familiarity had been
operationalised in the following ways: frequency of use, hours of use, type of use,
number of courses involving computers, owning a computer, access to computers,
attitudes towards computers and related technologies. On the other hand, a number of
studies have neglected to provide a definition of computer experience or details about
its measurement (e.g., Chu & Spires, 1991; Lautenschlager & Flaherty, 1990; Van de
Vijver & Harsveld, 1994). Thus, what constitutes computer experience has not always

43

been clearly delineated in the research literature. Smith et al. (1999) provide some
clarity by highlighting the importance of distinguishing between the qualitative and
quantitative aspects of computer experience. To this end, they conceptualise computer
experience as bi-dimensional consisting of objective and subjective constituents.

Of primary importance to the present study is the definition of objective computer
experience (OCE) and its current relevance to the measurement and assessment of
computer experience. Smith et al. (1999) define OCE as the summation of externally
observable, direct and/or indirect, human-computer interactions that occur across time.
They operationalise direct OCE by dividing it into four measurable components,
namely, amount of computer use, opportunity to use computers, diversity of experience
and sources of information. Amount of computer use examines individual differences in
the frequency and amount of accumulative use of computer-based technologies and
software over time. Opportunity to use computers reflects the availability of computer
resources contributing to, or facilitating, computer use across a variety of settings (e.g.,
workplace, home, educational setting). The diversity of experience variable primarily
examines individual differences in computer knowledge by considering the users
familiarity with the World-Wide-Web (www) and a variety of computer software
packages (e.g., programming, word processing, spreadsheet, databases, games,
computer assisted learning). In contrast, indirect OCE consists of a single variable,
namely, sources of information, which explores the available sources (e.g., parents,
teachers, peers, media) through which information about computers may be acquired.
Smith et al.’s (1999) operational definition provides a common framework for the
assessment of computer experience.
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It seems plausible that examinees’ previous experience with computers might influence
the scores they receive on computerised tests and hence the equivalency of test scores.
However, the current lack of uniformity in the measurement and definition of computer
experience makes it difficult to draw general conclusions for the effect of computer
experience on CBT performance and test equivalence. At present, the research reviewed
is inconclusive with some studies reporting a debilitative effect of computer experience
on CBT performance (e.g., Lee, 1986; Van de Vijver and Harsveld, 1994) and other
studies reporting no association (Powers & O’Neill, 1993; Stricker & Wilder, 2001).

A number of additional studies using undergraduates as participants have also reported
no association between computer experience and performance on computer-based
measures of quantitative (Gallagher, Bennett, & Cahalan, 2000; Mazzeo et al., 1991;
Wise, Barnes, Harvey, & Plake, 1989), English (Dimock & Cormier, 1991; Fulcher,
1999; Mazzeo et al., 1991), or verbal (Dimock & Cormier, 1991; Vispoel et al., 1994)
ability. Table 1 summarises findings from this body of research conducted in various
educational settings. Sample characteristics and a description of the test instruments
employed are also outlined. The research presented in Table 1 offers little support of a
relationship between computer experience and performance on computer-based
measures of cognitive ability. However, some empirical work has found that
performance on computerised tests is negatively affected by prior experience. For
example, in an earlier study involving college students Lee (1986) found that less
computer experience was associated with lower scores on a computer-administered test
of arithmetic reasoning.
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Table 1
Summary of Equivalency Studies Reporting No Effect of Computer Experience on
Computer-Based Test Performance (Compiled for the Purposes of this Dissertation)
Study

Sample

Test

Computer Experience Measure

Findings

Dimock &

36 students

Verbal

Computer Experience Scale

No effect of

reasoning

15-items

computer

Cormier
(1991)

experience on test
performance

Eaves &

96 students

Smith

Educational

(a) No experience, (b) 1-10 hours

Performance did

media exam

of experience, and (c) more than

not differ

10 hours of experience

significantly

(1986)

among the three
computer
experience groups
Fulcher

57 students

(1999)

English

Frequency of computer use,

No effect of

placement test

e-mail use; Familiarity with

computer

WWW and mouse

experience on test
performance

Gallagher

178

Mathematics

Have you used a computer

No relationship

et al. (2000)

university

expression test

before? For what kinds of

between

students

comprising 16-

activities Do you use a computer?

performance and

items

For which of the following have

facility with the

you used a computer? School,

ME computer

work, personal, hobbies. How

interface

often do you use a computer?

performance

When you use a computer how
often do you use a mouse? Do
you own a personal computer?
Mazzeo et

Mathematics

CLEP English

Modified version of Lee’s (1986)

No effect of

al. (1991)

96 students

and

computer familiarity

computer

mathematics

questionnaire

experience on

Study 2
English
115 students
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examination

either test

Table 1 (Continued)
Study

Sample

Test

Computer Experience

Findings

Measure
Plumly,

88

30-item

Own a home computer

Non-significant Mode

Ray and

undergraduate

multiple

Use microcomputer at work

by Experience

McKinney,

students

choice

Completed one or more

interaction.

examination

microcomputer classes

Previous experience

(1995)

on corporate

did not effect

accounting

performance

Vispoel et

121

Vocabulary

Average number of hours/

Multiple regressions.

al. (1994)

undergraduates

test

week spent working on a

No significant

computer

interaction between
administration mode
and computer
experience

Wise et al.

100 students

Algebra test

Hours spent using a computer

Lack of experience

(1989)

enrolled in

comprising 25

did not adversely

introductory

multiple

affect performance on

statistical

choice items

the CBT

course

Parshall and Kromrey (1993) also examined the relationship between computer
experience and CBT performance using a university sample. They utilised the GRE
field test data collected by Schaeffer et al. (1993) to investigate whether individual
characteristics such as computer experience were systematically related to test score
differences on computer and p&p versions of the Verbal, Quantitative and Analytical
measures comprising the GRE. The results indicated that examinees with no prior
mouse experience were disadvantaged by the CBT. However, Parshall and Kromrey
(1993) only found a weak relationship between computer experience and mode effect.
They further cautioned that differences in the complexity of the test administration
software could confound the relationship between computer experience and mode
effect.
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Recently, De Beer and Visser (1998) reported differential effects of computer
experience on a computer-based versus CAT version of the General Scholastic Aptitude
Test. A negative effect of experience was found for the computerised test, but not for
the CAT, when using 16-year-old high schools pupils as participants. Recent evidence
also suggests that transferring open-ended tests from p&p to computer may
disadvantage test-takers with less proficient keyboarding skills (Russell, 1999; Russell
& Haney, 1997). Therefore, only a handful of studies have linked computer experience
to CBT performance and thus test equivalence.

Three other studies have investigated the role of computer experience from a different
perspective by examining the effect of training on students’ CBT performance. Luecht,
Hadadi, Swanson and Case (1998) failed to find a performance effect due to computer
experience in medical students who received a half-hour tutorial prior to completing the
exam. Powers and O’Neill (1993) investigated the role of test familiarisation procedures
on students’ computerised reading and mathematics test performance. In a subsequent
study, Taylor, Jamieson, Eignor and Kirsch (1998) investigated the comparability of
scores from p&p and computerised versions of the TOEFL while including computer
familiarity as a moderating variable. Both studies found no relationship between level of
computer familiarity and CBT performance after administering a computerised tutorial
and controlling for ability level. Together, these findings suggest that the adverse effect
of computer experience on CBT performance may be corrected with minimal computer
training.

With respect to the study of computer experience, it is important to note that perceived
knowledge rather than actual acquired experience has been shown to affect both
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computer anxiety and performance. Howard (1986) was the first to draw this distinction
between experience and knowledge insofar as one can have significant experience with
computers in terms of amount or frequency of use, but have relatively little knowledge
of computers and computer specific software. In light of this distinction, Anderson
(1996) found that students with low levels of perceived knowledge of software and
limited experience with computers were more prone to fail an introductory computing
course. As a result, Anderson (1996) concluded that research exploring the effect of
computer experience on computer-based performance should focus not only on
computer experience but also on the specific skills and knowledge that a person
acquires as a consequence of this experience. To date, no research has attempted to link
perceived knowledge to performance on computerised tests of cognitive ability.

In summary, drawing general conclusions for the effect of familiarity on test
equivalence is not possible. Notably, a number of equivalency studies do not have a lot
of statistical power to detect small associations given that the sample sizes are
themselves small (e.g., Lee, 1986; Mazzeo et al., 1991; Powers & O’Neill, 1993).
Moreover, the generalisability of previous research findings is limited given that the
majority of equivalency studies have been conducted in the United States using
undergraduates as participants (Stricker & Wilder, 2001; Taylor et al., 1998; Van de
Vijver & Harsveld, 1994, for notable exceptions). Therefore, additional research based
on larger and more heterogeneous samples is needed before conclusions can be drawn
about the effect of computer experience on CBT performance and test equivalence.
Other factors that could limit generalisability of results relate to the many ways in which
computer experience has been operationalised and thus measured. Construct
clarification is offered by Smith et al. (1999) whereby computer experience is
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operationalised in terms of four separate but related aspects, namely, amount,
opportunity, diversity and sources of information. Adopting a universal framework such
as that proposed by Smith et al. (1999) will abet in the detection of consistent patterns in
future equivalency research and thus improve comparability between studies (Potosky
& Bobko, 1998). Moreover, in the absence of research on perceived knowledge and its
effect on test equivalence it is suggested that both computer experience and perceived
computer proficiency be assessed in future equivalency studies. In the present context,
perceived knowledge is considered synonymous with Smith et al.’s (1999) notion of
diversity of experience as both relate to one’s perceived understanding or familiarity of
a variety of computer software packages (e.g., word processing, spreadsheet, databases,
games) and applications (e.g., www, electronic mail).

3.4 State-Trait Anxiety: Definition and Relation to Computer-Based Test
Performance and Test Equivalence
Spielberger (1966a, 1966b, 1972a, 1972b, 1972c) distinguished between anxiety as
either a personality trait or a personality state. State anxiety refers to transitory
experiences of worry, nervousness, tension and apprehension accompanied by
activation of the autonomic nervous system in specific situations. Traditionally, states
are viewed as comparatively transitory anxiety responses that fluctuate over time and
vary as a function of the stresses that impinge on the individual. Defined in this way,
state anxiety can be sharply distinguished from trait anxiety, which is generally defined
as a “relatively stable individual difference in anxiety proneness as a personality trait”
(Spielberger, 1966a, p. 5). It follows that the stronger the trait of anxiety the more likely
it is that the individual will perceive a diverse range of situations as dangerous or
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threatening and to experience more intense levels of state anxiety than would people
low in trait anxiety.

Concerning the anxiety-performance relationship, state anxiety has been empirically
linked with impaired performance on simple memory tasks such as digit span (e.g.,
Hodges & Spielberger, 1969; Knox & Grippaldi, 1970; Mueller, 1977), paired associate
learning (e.g., J.T. Spence, & K.W. Spence, 1966), free recall of word lists (e.g.,
Mueller, 1976), and retrieval from the alphabet (M.W. Eysenck, 1985). Research also
suggests that under stressful test conditions (i.e., high state anxiety), trait anxious
individuals perform relatively poorly on tasks assessing more complex cognitive
processes including analogical reasoning (e.g., Leon & Revelle, 1985), mental
arithmetic (e.g., Calvin, Koons, Bingham, & Fink, 1955), and anagram resolution
(Zarantonello, Slaymaker, Johnson, & Petzel, 1984). Therefore, high state anxiety
impedes cognitive performance especially among high trait anxious individuals.

Based on Spielberger’s (1966a, 1966b, 1972a, 1972b, 1972c) state-trait theory, and
supporting empirical evidence (Calvin et al., 1955; Hodges & Spielberger, 1969; Knox
& Grippaldi, 1970; Leon & Revelle, 1985; Mueller, 1977), one can assume that
individual differences in trait anxiety may impede performance on computeradministered tests of cognitive ability. Specifically, when a person is confronted with a
novel testing situation such as taking an exam via computer, trait anxiety in possible
combination with state anxiety could impede examinees’ test performance. According
to H.J. Eysenck and M.W. Eysenck (1985) “The difference in state anxiety between
groups high and low in trait anxiety should be enhanced as a degree of situational stress
increases” (p. 290). Hence, the heightened state of anxiety experienced by some
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individuals (i.e., trait anxious individuals) when exposed to a novel CBT situation may
contribute to a decrement in CBT performance thus impacting on score equivalence.

Despite the potentially debilitative effect of anxiety on CBT performance, only a limited
number of equivalency studies have attempted to link state or trait anxiety to
performance on p&p versus CBT of cognitive ability (Sternberger, 1998; Vogel, 1994).
Vogel (1994) investigated how individual differences in anxiety, both trait anxiety and
computer specific anxiety, affected undergraduates performance on the verbal section of
the GRE when administered on p&p and computer. Results indicated that trait anxiety
had no significant effect on examinees’ p&p or CBT scores. Sternberger (1998), on the
other hand, examined the relationship among nursing students’ computer attitudes, state
anxiety, and performance on a conventional versus computerised test of mathematics
achievement. Moreover, state anxiety was associated with lower scores on the
mathematics test, irrespective of test format. Hence, available evidence suggests that
state and trait anxiety have little effect on test score equivalence.

Together, Vogel (1994) and Sternberger’s (1998) work is a starting point for research
addressing the effect of anxiety variables on test equivalence. In drawing on the
theoretical work of Spielberger (1966a, 1966b, 1972a, 1972b, 1972c), trait and state
anxiety could play a joint role in performance on computerised tests. Hence, future
research exploring the unique and/or combined effects of state and trait anxiety on CBT
performance and test equivalence is warranted. Moreover, future work addressing the
relationship between trait anxiety and CBT performance would benefit from ratings
derived under evaluative or “high stakes” test conditions where state anxiety could be
expected to occur as a result (Powers, 1999). No empirical work to date has explored
the potential interactive effects of trait anxiety and state anxiety on CBT performance.
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It is important to note, however, that from an interactionist perspective the effect of
anxiety on test equivalence may be better explained by addressing situation-specific
anxiety rather than assuming a general anxiety construct (i.e., trait anxiety) (Endler &
Edward, 1985). In anxiety research, greater emphasis on situational variables in the
design of trait tests has provided a useful step in the refinement of trait theory and
greater predictive validity in criterion-related situations (Spielberger & Vagg, 1995).
These situation-specific measures assess individual differences in the disposition to
react with anxiety in selected stressful situations such as taking an examination or test
(Zeidner, 1998). In Section 3.5 research addressing the effect of the situation-specific
trait of test anxiety on CBT performance and test equivalence is discussed.

3.5 Test Anxiety: Definition and Relation to Computer-Based Test Performance
In the framework of the state-trait anxiety distinction, test anxiety is conceptualised as a
situation-specific form of trait anxiety with worry and emotionality as two major
components (Deffenbacher, 1978, 1980, 1986; Deffenbacher & Hazaleus, 1985; Liebert
& Morris, 1967; I.G. Sarason, 1984; Spielberger & Vagg, 1995; Tobias, 1985; Wine,
1971, 1980, 1982). Worry is the cognitive concern about test-taking and the
consequence of failing. Emotionality is the subjective perception of internal
physiological events including feelings of nervousness, uneasiness and tension. Test
anxiety is viewed as a situation-specific anxiety trait give that test anxious individuals
respond to evaluative situations with more frequent and more intense elevations in state
anxiety. Thus individual’s high in test anxiety are characterised by a lower response
threshold for anxiety in test-taking situations. As a result, test anxious individuals tend
to view test situations as personally threatening and thus respond with excessive worry,
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self-deprecatory thoughts and intense emotional and physiological arousal (Spielberger
& Vagg, 1995; Zeidner, 1998).

With respect to test performance, research suggests that the worry component is more
central to the debilitative effects of test anxiety on performance outcomes than
physiological arousal (Hembree, 1988; Seipp, 1991). A number of theories have been
proposed to explain these findings. The cognitive-interference perspective of test
anxiety is representative of this family of theories. Advocates of the cognitiveinterference perspective suggest that decrements in test performance are associated with
self-critical worry cognitions. Worry cognitions are claimed to obstruct the test-anxious
person from utilising task-specific cues by diverting attention away from the task at
hand. Hence, cognitive-interference theories explain the performance deficit as an
interfering effect of test anxiety on the retrieval of relevant task-related information
(Deffenbacher, 1978, 1980, 1986; Liebert & Morris, 1967; I.G. Sarason, 1984, 1986,
1988; I.G. Sarason, B.R. Sarason, Keefe, Hayes, & Shearin, 1986; I.G. Sarason, B.R.
Sarason & Pierce, 1995; Wine, 1971, 1980, 1982).

In accordance with cognitive-interference models of test anxiety, robust findings from
test anxiety research indicate that test anxious individuals perform more poorly than
their low-test anxious counterparts when performance is to be evaluated or when a task
is difficult (Hembree, 1988; Seipp, 1991; Zeidner, 1998). Since an interpretation of
these findings is beyond the scope of this study this literature will not be addressed in
any detail. Suffice it to say that test anxiety worry has been found to adversely affect
performance on computerised short term memory tests conducted in research
laboratories (Ikeda, Iwanaga, & Seiwa, 1996; Leon & Revelle, 1985; Markham &
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Darke, 1991; Mueller, 1976, 1977; Nottelmann & Hill, 1977; J.T. Spence & K.W.
Spence, 1966), and performance on cognitive ability tests conducted in “real-world” test
environments such as in school and college (Shermis & Lombard, 1998; Zeidner,
Klingman, & Papko, 1988; Zeidner & Nevo, 1992). Collectively, these findings suggest
that test anxiety worry can have a debilitative effect on cognitive performance.

Only a limited amount of work has explored the effect of test anxiety on CBT
performance (Hedl et al., 1973; Llabre et al., 1987; Powers, 1999; Shermis & Lombard,
1998; Stricker & Wilder, 2001). The available evidence suggests, in general, that
computer usage tends to increase examinees’ test anxiety (Hedl et al., 1973; Llabre et
al., 1987) and consequently impedes performance (Powers, 1999; Shermis & Lombard,
1998). A recent study by Powers (1999) is especially relevant for it draws on test
anxiety theory to explain the adverse affect of test anxiety on CAT performance and test
equivalence. Moreover, the study was conducted in an operational or “real world”
setting where test scores actually counted and where anxiety could be expected to occur
as a result. Specifically, Powers (1999) compared the performance of a sample of 679
GRE test-takers completing either a CAT or p&p version of the test. Of primary
relevance to this thesis are Powers’ (1999) findings pertaining to the effect of test
anxiety on test equivalence. The results indicated that the worry component of test
anxiety was inversely and significantly related to GRE performance for both the p&p
and CAT groups. However, Powers (1999) failed to find an effect for test anxiety on
test equivalence. He concluded that further work was needed to address the potential
impact of individual difference variables, such as test anxiety, on CBT performance and
test equivalence. Given that Powers (1999) study used a CAT, findings pertaining to test
equivalence are not generalisable to non-adaptive CBT conditions. As a result, drawing
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conclusions for the differential effects of test anxiety (and its components) on p&p
versus non-adaptive CBT performance is not possible. In the absence of such evidence
future equivalency research should address the differentiating effects of test anxiety on
p&p and CBT performance. Future research should also consider drawing on other
cognitive models of test anxiety to account for such effects. One such model, discussed
at length in Section 4.4, is the Processing Efficiency Theory (Eysenck, 1992; Eysenck &
Calvo, 1992).

Notably, Powers (1999) also explored the effect of computer anxiety on test
equivalence. There was no indication that computer anxiety interacted with test mode to
yield differential scores on the p&p and CAT versions of the GRE. Moreover, the
results demonstrated that anxiety about computers and apprehensions about tests are
different constructs that need to be measured separately. This finding challenges
Shermis and Lombard’s (1998) position, which argues that computer anxiety is
conceptualised as a manifestation of test anxiety. Powers’ (1999) study also raises a
number of pertinent issues regarding the study of computer anxiety. Specifically,
Powers (1999) did not clearly define the construct of computer anxiety, nor base his
research on any particular psychological theory of computer anxiety. In the past,
cognitive models of computer anxiety have been proposed with respect to the computer
anxiety-performance relationship (Glass & Knight, 1988). In the context of Powers’
(1999) study, no apparent theoretical framework was offered as a basis for exploring the
potential debilitative effects of computer anxiety on CBT performance. The varied
definitions and measures of the computer anxiety construct, compounded by the lack of
theory, have made it difficult to identify consistent patterns and explanations pertaining
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to the computer anxiety-performance relationship. These issues are discussed in the next
section.

3.6 Computer Anxiety and Computer-Based Test Performance
The computer anxiety construct has been investigated since the early eighties and is
conceptualised by some researchers as the fear or apprehension experienced by
individuals when interacting with a computer or when anticipating computer interaction
(George, Lankford, & Wilson, 1992; McDonald, 2002; Raub, 1982; Simonson, Maurer,
Montag-Torardi, & Whitaker, 1987; Worthington & Zhao, 1999). In some literature,
however, computer anxiety is subsumed under the definition of Computerphobia
(Rosen, Sears, & Weil, 1987; Rosen & Maguire, 1990; Todman, 2000; Weil, Rosen, &
Wugalter, 1990). Weil et al. (1990) use the term Computerphobic to describe
individuals who experience either anxiety reactions such as sweaty palms and heart
palpitations when interacting with computers (i.e., Anxious Computerphobic), or critical
internal self-statements about their own incompetence when using computers (i.e.,
Cognitive Computerphobic). In this instance computer anxiety is conceptualised as the
affective or emotional component of Computerphobia. Other theorists, such as Deane et
al. (1995), view computer anxiety as a multidimensional construct comprised of
separate cognitive, physiological and behavioural components (Deane et al., 1998; V.
McInerney, D.M. McInerney, & Marsh, 1997; V. McInerney, D.M. McInerney, &
Sinclair, 1994). Worry is the cognitive concern about ones’ ability to operate and master
computers. Emotionality is somatic and automatic responses associated with the actual
or anticipated use of computers, while avoidance is an anxiety-response pattern of
evading or withdrawing from an array of situations involving computers (e.g., learning
about computers, talking about computers, using computer) (Deane et al., 1998;
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McInerney et al., 1999). In light of these various viewpoints, no universally accepted
definition of computer anxiety currently exists.

Although the construct of computer anxiety is steeped in conceptual ambiguity,
Moldafsky and Kwon (1994) contend that it is a “real phenomenon” (p. 301). They
further note that one third of the individuals within most populations experience
computer anxiety to some degree, ranging from a preference not to use computers
through to heart palpitations when anticipating using computers. This figure has found
to be as high among American college students with estimates ranging from 25% to
50% (Brosnan & Davidson, 1994; Rosen & Maguire, 1990; Weinberg & Fuerst, 1984).
In contrast, Delveccio (1995) reported that one in 10 young Australians experience
computer anxiety even though over 50% owned computers at the time of the survey.
Moreover, the pervasiveness of computer anxiety has been found across various cultures
(Durndell & Thomson, 1997), while its precedence seems higher among females than
males (Brosnan, 1998; Todman, 2000; Todman & Lawrenson, 1992). Collectively, this
research evidence suggests that computer anxiety is still prevalent in all areas of society
despite the proliferation of computers in the last decade (Todman, 2000).

While extensive literature is available on computer anxiety and its correlates (see Chua,
Chen, & Wong, 1999, for a review), notably fewer studies have explored the effect of
computer anxiety on CBT performance or test equivalence. Overall, the studies
reviewed have yielded mixed results with some studies reporting an adverse effect of
computer anxiety on CBT performance (Laguna & Babcock, 1997; Shermis &
Lombard, 1998; Tseng et al., 1998; Vogel, 1994), while other studies have reported no
effect (Powers & O’Neill, 1993; Wise et al., 1989).
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In a recent study, Tseng et al. (1998) investigated the effect of both computer anxiety
and computer experience on test equivalence using 136 paid participants. Tseng et al.’s
(1998) compared the assessment of mood ratings and cognitive functioning using a
Personal Digital Assistants (PDAs) with computer-based and paper-based assessment
methods. In addition they examined the possible interaction between computer anxiety
and both mood and performance scores as a function of administration medium. A short
battery of cognitive tasks including a visual search task, sentence verification and verbal
memory test were administered on p&p, computer or PDAs. Performance was analysed
by comparing number-correct and completion times across all three modalities. Of
present interest were Tseng et al.’s (1998) findings pertaining to the interaction between
computer anxiety and cognitive performance across all three modalities. Overall, a
significant and positive relationship was found between computer anxiety and reaction
time on the visual search task when administered on computer rather than PDAs or
p&p. However, the effect became less marked when controlling for computer
experience. In light of their findings, Tseng et al. (1998) concluded that the apparent
anxiety-speed effect was due not to computer anxiety per se, but to computer
experience, possibly relating to the skills required in using a mouse to make the
responses. They further maintained that computer anxiety was not a direct source of
non-equivalence on the visual search task.

However, there is some evidence suggesting that computer anxiety can have a
debilitative effect on CBT scores. Laguna and Babcock (1997), for instance, found that
computer anxiety was related to the time taken to make a decision on a computer-based
cognitive test among older adults. This finding suggests that computer anxiety may be
an important constituent of speed-related computer performance among older adults.

59

Although Laguna and Babcock (1997) addressed the practical implications of their
research findings, they neglected to discuss theoretical implications. In the absence of
such discussion, their findings offer little specific direction for the development of an
explanation of the computer anxiety-performance relationship.

Vogel (1994), on the other hand, provides some insight into the effects of computer
anxiety on CBT performance by drawing on Yerkes and Dodson’s (1908, cited in
Vogel, 1994) drive theory of anxiety. She investigated how individual differences in
anxiety, both trait anxiety and anxiety specific to computers, affected undergraduates
performance on p&p and CBT versions of the verbal GRE practice form. These
measures were administered to all participants one week apart and in counterbalanced
order. Contrary to expectations the results showed that both the moderate and high
computer anxious groups performed significantly better than the low computer anxious
group on the CBT. Vogel (1994) interpreted this finding as consistent with the YerkesDodson Law, or the “inverted U” relationship between arousal and performance (Yerkes
& Dodson, 1908, cited in Vogel, 1994). In noting the study’s methodological
limitations, Vogel (1994) expressed the need for further theoretical and empirical work
concerning the computer anxiety-performance relationship.

Further research exploring the effect of computer anxiety on computer-based testing is
needed given that the studies reviewed have a number of limitations. One limitation of
the extant research on computer anxiety is that the majority of studies are lacking a
strong theoretical basis. As a result, these studies offer little specific direction for
theoretical development or intervention (i.e., computer training or therapeutic) with
respect to the computer anxiety-performance relationship. The apparent lack of

60

uniformity in how computer anxiety is measured also makes it difficult to find
meaningful and consistent results between studies. Consequently, further research is
needed to clarify the relationship between computer anxiety and performance on
computerised tests of cognitive ability. Additional research conducted in “real-world”
settings, using larger and more heterogeneous samples is also needed for increased
generalisability of findings. However, such research should be theoretically driven to
provide a common framework for the assessment of computer anxiety (Gaudron &
Vignoli, 2002).

The studies reviewed in this section demonstrate that current equivalency research on
computer anxiety and its effect on CBT performance is largely atheoretical and
descriptive in nature. However, a review of the computer anxiety literature indicates that
some researchers have attempted to provide a theoretical account for the effect of
computer anxiety on performance (Glass & Knight, 1988; Deane et al., 1995). Chapter
Four provides a discussion of current theory devoted to understanding the computer
anxiety-performance relationship. Although a review of conceptual models of computer
anxiety per se (Beckers & Schmidt, 2001; Brosnan, 1999; Meier, 1985, 1988; Rosen et
al., 1987, 1993; Todman & Monaghan, 1994) are beyond the scope of this thesis, such
models are discussed at length in a recent working paper (Smith & Caputi, 2003).

For the purpose of this thesis, however, the next chapter summarises the major
theoretical models addressing the computer anxiety-performance relationship. The
chapter summarises Glass and Knight’s (1988) cognitive interference theory of
computer anxiety. Then, Deane et al.’s (1995) state-trait theory of computer anxiety is
outlined and reviewed. Empirical evidence in support of both models is presented and
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theoretical limitations noted. Subsequently, the Cognitive Interference Model of
Computer Anxiety (CIM-CA) is introduced as a framework for the assessment of
computer anxiety and its effect on CBT performance and test equivalence. Drawing on
the Processing Efficiency Theory of anxiety (Eysenck, 1992; Eysenck & Calvo, 1992),
the discussion focuses on the mediating role of negative computer thoughts on the
computer anxiety-performance linkage.
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CHAPTER FOUR: Models and Theoretical Perspectives of Computer
Anxiety
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4.1 Cognitive Model of Computer Anxiety
In their cognitive model of computer anxiety, Glass and Knight (1988) introduced
Meichenbaum and Butler’s (1980) theory of test anxiety as a potential model of
computer anxiety. Glass and Knight (1988) suggest that computer anxiety is a function
of individuals’ behavioural acts, behavioural outcomes, cognitive structures, and
internal dialogue when working on a computer. Behavioural acts refer to skills such as
computer experience, scholastic aptitude and typing ability. Behavioural outcomes, on
the other hand, are operationalised to include the number of errors made on a computerrelated task and task completion times. Internal events such as physiological reactions
and mood states are also classified as behavioural outcomes. With regard to cognitive
factors, Glass and Knight (1988) developed a 40-item thought checklist, the SelfStatements About Computers (SSAC), to examine the internal dialogue and underlying
cognitive structures of individuals prior to, and during, computer interactions. The
SSAC was developed to examine the effect of facilitative and debilitative thinking on
examinees computer-based performance. It is comprised of four sub-scales: (1) positive
evaluation of oneself or the task (e.g., It’s fun to figure the computer out”), (2) on-task
thoughts which are thoughts that are relevant and helpful to the performance of the task
(e.g., “Take care to hit the right key”), (3) negative evaluation of oneself or the task
(e.g., “Something will always go wrong when I work on a computer”), and (4) off-task
thoughts which are thoughts that are irrelevant to the task (e.g., “I’m hungry”). Positive
evaluations and on-task thoughts are considered facilitative of task performance, while
the negative evaluations and off-task thoughts are considered debilitative. In light of this
distinction, Glass and Knight (1988) were the first to examine the effect of computer
anxiety on performance from a cognitive interference perspective.
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Specifically, Glass and Knight (1988) tested their model using 59 undergraduate
students. The participants were divided into high and low computer-anxious groups
based on their scores on the Computer Anxiety Rating Scale (Heinssen, Glass, &
Knight, 1987). Participants then completed three computer-based operational tasks of
increasing difficulty that did not require any previous experience or knowledge of
computers. They found that relative to their low computer anxious counterparts, the
high computer anxious participants experienced significantly higher levels of anxiety
immediately after beginning the computer task and after receiving an error message
from the computer. Moreover, high computer anxious individuals had lower
expectations of performance success and reported more off-task thoughts during the
actual computer task. Contrary to expectation, high computer anxious participants also
reported more on-task thoughts than their low computer anxious counterparts.
Concerning performance, the high computer anxious group made almost twice the
average number of errors on the computer-based task relative to the low computer
anxious group (9.79 versus 4.98), although the mean difference between the means did
not reach significance. The high computer anxiety group, however, showed substantive
trends in taking longer to complete the task (p = .057), despite having low statistical
power (Cohen, 1988). Based on this latter finding, Glass and Knight (1988) concluded
that the high computer anxious group “attempted to direct their attention back to the
task at hand in order to cope with their anxiety and debilitate arousal” (p. 362). As a
result, the high computer anxious group took longer to complete the task, despite having
comparable typing speed to individuals in the low computer anxiety group.

Overall, Glass and Knight’s (1988) research findings lend some support for the
cognitive interference view of test anxiety discussed in Section 3.5. In brief, advocates
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of the cognitive interference perspective maintain that test anxious individuals are more
likely to experience cognitive interference in the form of worry and self-denigrating
thoughts in an evaluative situation than their low test anxious peers. These cognitive
manifestations of anxiety (i.e., worry) are postulated to interfere or compete with taskrelevant cognitive activity thus impeding performance (e.g., Liebert & Morris, 1967;
I.G. Sarason, 1988; Wine, 1971, 1980, 1982). In accordance with cognitive inference
theories of test anxiety, Glass and Knight (1988) found that high computer anxious
users experienced more frequent and debilitative intrusive thoughts than their low
computer anxious peers. However, contrary to the cognitive interference perspective
computer anxiety was found to impede performance efficiency (i.e., task completion
rates) to a greater extent than performance effectiveness (i.e., error rate). By building on
Glass and Knight’s (1988) theoretical and empirical work, Deane and his colleagues
(Deane et al., 1995; Deane et al., 1998) have devised a state-trait theory of computer
anxiety that offers a conceptual framework for evaluating the adverse effect of computer
anxiety on cognitive performance. Deane et al’s (1995) theoretical model is unique as it
draws on Processing Efficiency Theory (PET: Eysenck, 1992; Eysenck & Calvo, 1992)
to account for the potentially facilitative and debilitative effects of computer anxiety on
computer-based performance.

4.2 State-Trait Model of Computer Anxiety
In accordance with Glass and Knight’s (1988) position, Deane and his colleagues
(Deane et al., 1995; Deane et al., 1998) conceptualise computer anxiety as a situationspecific trait that manifests itself as heightened state anxiety in the presence of the
stressor, namely, the computer. In Deane et al.’s (1995) theoretical framework,
computer anxiety as a situation-specific trait refers to relatively stable individual
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differences in computer anxiety proneness. Computer anxiety proneness refers to
differences in the disposition to perceive a range of situations involving computer-based
technologies as threatening and beyond one’s control (Spielberger, 1966a, 1972a). As a
result, trait computer anxious individuals are more vulnerable to stress in situations
involving computers and are thus more likely to experience anxiety state reactions than
persons who are low in trait computer anxiety. Deane et al. (1995) further argued that
people with computer anxiety would avoid using computers.

To test their state-trait model, Deane et al. (1995) designed a study to explore the
theoretical relationships between state anxiety, state anxiety when imagining recent
computer interactions, trait anxiety and computer anxiety. They hypothesised that
individuals yielding high scores on a trait measure of computer anxiety would respond
with higher levels of state anxiety when using, or when thinking about using, computers
than those low in trait computer anxiety. As hypothesised, individuals high in trait
computer anxiety, rather than trait anxiety per se, reported a significantly greater change
in state anxiety when considering the last time they used a computer compared to those
low in computer anxiety. They also found that computer avoidance was highly
correlated with computer anxiety and concluded that further work on the computer
anxiety-avoidance relationship was needed. Overall, Deane et al.’s (1995) findings have
important implications for computer anxiety theory and assessment. They demonstrate
that computer anxiety is a situation-specific trait that manifests itself as heightened state
anxiety in the presence of a computer.

Mahar et al. (1997) have since extended Deane et al.’s (1995) state-trait theory of
computer anxiety by proposing a multidimensional conceptualisation of state computer
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anxiety. Although the authors do not provide a comprehensive description of each
component they note that avoidance behaviour, elevated levels of physical distress, and
cognitive intrusions in the form of worry cognitions reflect defining components of the
computer anxiety construct. In an effort to clarify the definition of computer anxiety,
Section 4.3 expands upon Deane et al.’s (1995) multidimensional conceptualisation of
computer anxiety. Deane et al’s (1995) state-trait model is elaborated on by drawing on
theories of computer anxiety (Bloom & Hautaluoma, 1990; Igbaria & Chakrabarti,
1990; Kay, 1990; Koslowsky, Hoffman, & Lazar, 1990; McInerney et al., 1999) and test
anxiety (Carver & Scheier, 1984; Spielberger & Vagg, 1985; Zeidner, 1998) to more
clearly delineate the key cognitive, affective and behavioural components of computer
anxiety as a state.

4.3 Extension of State-Trait Theory of Computer Anxiety
In line with Deane et al. (1995), computer anxiety is conceptualised in this thesis as a
situation-specific trait that manifests itself in heightened state anxiety in the presence of
a computer. The model compiled and presented in Figure 2 outlines the association
between trait computer anxiety and state computer anxiety reactions. As a situationspecific trait, computer anxiety is characterised by an individual’s disposition to react
with extensive worry, intrusive thoughts, tension, physiological arousal and avoidance
behaviour when using or when thinking about using computers (Deane et al., 1995;
McInerney et al., 1999). Therefore, trait computer anxiety is an important determinant
of state computer anxiety having separate but related cognitive, affective and
behavioural components.
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As shown in Figure 2, the physiological component of state computer anxiety refers to
the subjective perception of internal events including feelings of uneasiness,
nervousness and tension that individuals experience in situations involving the actual or
anticipated use of computers (Bloom & Hautaluoma, 1990). The type of negative
behaviours associated with the state of computer anxiety includes avoidance in the form
of physical or cognitive withdrawal (i.e., distractibility, off-task thinking).
Theoretically, computer avoidance is explained by operant conditioning such that
anxiety is viewed as a drive that motivates the person to avoid the anxiety-provoking
stimulus.

Avoidance behaviours are assumed to remain stable for long periods of time due to the
reinforcement the person receives from their capacity to diminish anxiety (Henderson,
Deane, Barrelle, & Mahar, 1995; Kaplan & Saddock, 1991). Although this position has
been challenged (e.g., Bandura, 1986), research findings suggest that computer anxiety
contributes to computer avoidance (Chua et al., 1999; Deane et al., 1995; Harrington,
McElroy, & Morrow, 1990). In addition to obvious avoidance of the situation per se,
computer anxious users also engage in cognitive avoidance or off-task thinking (Glass
& Knight, 1988). The tendency for computer anxious users to utilise cognitive
avoidance techniques is consistent with Carver and Scheier’s (1986) self-regulation
model of anxiety. Theoretically, Carver and Scheier (1986) propose that anxious
individuals engage in mental withdrawal when physical withdrawal from an anxietyevoking situation is prevented. This mental withdrawal or disengagement is expressed
covertly giving rise to off-task thinking and daydreaming. This in turn, is measured by
some index of off-task or task-irrelevant thinking (Carver & Scheier, 1986; I.G.,
Sarason, 1988). Hence, a review of the literature suggests that state computer anxiety is
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characterised by physical (Chua et al., 1999; Deane et al., 1995; Harrington et al., 1990)
and cognitive (Glass & Knight, 1988) avoidance.

State Computer
Anxiety

Cognition
•
•

Actual or Implied
HumanComputer
Interaction

•

Self-doubt
Task-related
Irrelevancies or on task
thoughts
Social-evaluative concerns

Affect / Emotionality
Trait
Computer
Anxiety

•
•

Subjective manifestations of
emotional arousal
Objective bodily symptoms

Behaviour
•
•

Off-task thinking or
distractibility
Physical withdrawal or total
avoidance

Figure 2. Trait computer anxiety as a determinant of state computer anxiety reactions.
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The cognitive component of state computer anxiety refers to the types of cognitive
concerns and debilitative thoughts that a person experiences whilst interacting with
computers. In light of theory (Deane et al., 1995; McInerney et al., 1999) and research
(Glass & Knight, 1988; McInerney et al., 1999), the cognitive component of state
computer anxiety is characterised by task-related worries, self-deprecatory cognitions
about one’s capabilities and on-task thinking. These cognitive indicators of state
computer anxiety are commonly derived through self-report methods. Worry cognitions
reflect the computer anxious users concerns about outcomes pertaining to the computer
interaction. These worry cognitions signify concerns about the outcome of one’s
performance at the task-level and on a personal level. At a task-level these cognitive
intrusions reflect worries about the consequences of one’s action on the outcome of the
task at hand (i.e., operating the computer). Examples of task-specific worry cognitions
taken from the Sense of Control Scale (SCS) developed by McInerney et al. (1999)
include intrusive thoughts such as “I might break the machine” or “What if I hit the
wrong key”. On a more person-oriented level, these cognitive intrusions reflect
concerns about one’s ability relative to others and thus one’s perceived personal
incompetence. Examples of person-specific worries taken from the SCS (McInerney et
al., 1999) include, “Everyone but me knows what they are doing”, “People will notice if
I make a mistake”. Together, these negative thoughts are self-related and reflect
concerns about others perceptions of one’s inadequacies and thus worries about the loss
or harm to one’s self-esteem (I.G., Sarason, 1984, 1986; 1988; I.G. Sarason et al., 1986;
I.G. Sarason et al., 1995). Self-deprecatory cognitions, on the other hand, are negative
or self-denigrating thoughts about one’s computing ability and thus reflect a sense of
self-doubt in a computing context. Consequently, worry is characterised by concerns
about operating the computer, poor performance and the anticipation of loss or harm to
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self-esteem, while self-deprecatory thoughts are characterised by cognitions of selfdoubt and self-derogation (I.G. Sarason, 1984, 1986, 1988; I.G. Sarason et al., 1986).

Moreover, research suggests that computer anxious users report more on-task thoughts
when interacting with computers (Glass & Knight, 1988). In the present context, on-task
thoughts refer to cognitions pertaining to the manipulation and operation of the
computer per se. Examples of on-task thoughts taken from the SSAC (Glass and Knight,
1988) include: “Take care to hit the right key”, “Don’t waste time, just get on with the
task”, “Take it step by step to complete the task”. According to Glass and Knight (1988)
these on-task thoughts redirect the anxious person’s attention back to the task in order to
cope with their anxiety and arousal. More recently, Eysenck (1992) has also recognised
this function among anxious individuals. Thus theorists emphasise the importance of
cognitions when attempting to account for the effect of anxiety on performance.
Consistent with past conceptualisations (Eysenck, 1992; Glass & Knight, 1988), Section
4.4 presents the cognitive interference model of computer anxiety (CIM-CA), which is
based on the presumption that cognitive component of computer anxiety is most related
to cognitive performance.

4.4 Cognitive Interference Model of Computer Anxiety: Implications for
Performance
The CIM-CA was developed for this thesis to provide a theoretical basis for exploring
the effect of computer anxiety on computer-based test performance. The CIM-CA
expands on Deane et al.’s (1995) application of the PET (Eysenck, 1992; Eysenck &
Calvo, 1992) to the study of the computer anxiety-performance relationship. As noted in
Section 4.2, Deane et al.’s (1995) state-trait model suggests that trait computer anxious
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individuals experience elevated levels of state anxiety when faced with the need to use a
computer. This heightened state of anxiety may have a facilitative or debilitative effect
on task performance. In their theoretical work, Deane et al. (1995) draw on Eysenck’s
PET to account for the potential effect of computer anxiety on cognitive performance
(Eysenck, 1992; Eysenck & Calvo, 1992). As a result, a detailed description of the PET
and its application to the study of the anxiety-performance relationship is warranted.

Figure 3 presents a summary model of the key assumptions of the PET with respect to
the anxiety-performance relationship. The PET predicts that individuals high in trait
anxiety engage in more worry (i.e., self-preoccupation, concern over evaluation,
concern over performance) than non-anxious individuals in threatening situations
(Eysenck, 1992; Eysenck & Calvo, 1992). These thoughts act like a secondary task in a
dual-task setting and thus consume resources in the working memory system needed for
mental processing of the primary task. According to Eysenck (1992; Eysenck & Calvo,
1992), these interfering thoughts pre-empt some of the processing and storage resources
of the central executive in the working memory system. The central executive
component of working memory is responsible for initiating and controlling processes,
making decisions and retrieving information from long term memory (Baddeley, 1986).
Eysenck maintained that the state anxiety reaction is composed of intrusive thoughts
and worry to which highly anxious individuals pay attention (Eysenck, 1992; Eysenck
& Calvo, 1992).
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Threatening Event

Reduction of storage and processing
capacity of the central executive in
the working memory system

Increase worry
about aversive
consequences and
personal
inefficiency

Compensate for the processing
capacity reduction by
increasing effort, time, or
strategic activities

Speeded Test of
Cognitive Ability

Power Test of
Cognitive Ability

Compensatory practices
cannot be used, thus both
performance
effectiveness and
efficiency is impeded

Performance effectiveness
preserved (i.e., number
correct) at the cost of
performance efficiency
(i.e., number solved)

Figure 3. Effect of trait anxiety on test performance from a cognitive processing
perspective (Based on Eysenck, 1992; Eysenck & Calvo, 1992).

In the PET (Eysenck, 1992; Eysenck & Calvo, 1992), intrusive, self-preoccupying
thoughts are postulated to have a disruptive effect on performance because they
consume resources in the working memory system needed for completion of the
primary task.

The PET also assumes that for high anxious individuals the presence of worry about
task performance leads to the allocation of additional processing resources to the task at
hand (e.g., increased effort, time, strategic activities) (See oval textbox in Figure 3).
Therefore, for high anxious individuals the cognitive component of anxiety (i.e., worry)
also serves a motivational function. Specifically, the PET assumes that anxious
individuals increase the amount of effort or time on a given task to improve
performance and thus reduce or eliminate worry. Since anxious individuals generally
worry more than non-anxious individuals, anxiety will typically impair processing
efficiency more than performance effectiveness (Eysenck, 1992; Eysenck & Calvo,
1992).

With respect to performance, Eysenck (Eysenck, 1992; Eysenck & Calvo, 1992) makes
an important distinction between performance effectiveness and processing efficiency.
Performance effectiveness refers to the quality of observable task performance.
Processing efficiency, on the other hand, refers to the relationship between performance
effectiveness and the effort or resources invested in task performance. In general terms,
processing efficiency is defined as performance effectiveness divided by effort. In light
of this distinction, researchers have employed a variety of techniques to assess
processing efficiency and effectiveness. Calvo and Carreiras (1994), for instance, had
students’ complete tests of comprehension after reading various texts. Performance
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effectiveness as measured by comprehension scores did not differ between high and
low-test anxious participants. However, the high test-anxious participants had slower
reading times than their low test-anxious counterparts, especially for the more complex
texts. This lengthened processing time was taken to reflect processing inefficiency on
the part of the high test-anxious participants. Other techniques that have been used to
assess processing efficiency include subjective ratings of effort, loading times, use of
secondary tasks and reading regressions (Calvo, Eysenck, Ramos, & Jimenez, 1994;
Calvo, Ramos, & Esteves, 1994; Eysenck, 1992). Notably, the distinction between
processing effectiveness and efficiency has not been incorporated in other theories of
anxiety and performance because it is commonly assumed that processing efficiency
can be inferred directly from performance effectiveness. However, in the PET the
assumptions concerning the worry-performance relationship are very different as
heightened state anxiety is assumed to impede processing efficiency more than
performance effectiveness. According to Eysenck (Eysenck, 1992; Eysenck & Calvo,
1992), only when compensatory mechanisms cannot be used will anxiety impair
performance effectiveness (e.g., timed test conditions or fixed-paced test conditions).

With respect to the assessment of cognitive ability, the effect of anxiety on performance
effectiveness and efficiency may depend on the type of test administered such as the
power versus speeded nature of the cognitive test employed (Depicted as square
textboxes in Figure 3). Power tests, for instance, assess individuals’ ability in some
content area with no regard for how quickly items are answered. Speeded tests are
designed to measure processing speed and thus stringent time limitations are imposed
(Mead & Drasgow, 1993). Based on the PET, one can assume that anxiety will impair
processing efficiency more than performance effectiveness on power tests since no time
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limits are imposed. With speeded tests, however, efficiency and effectiveness may be
adversely affected due to time limitations that restrict the use of compensatory
resources. Therefore, when assessing the applicability of PET to account for the adverse
effects of anxiety on CBT performance time limitations and test speededness appear to
be particular important variables to consider.

4.5 Application of the Processing Efficiency Theory to the Study of the Computer
Anxiety and its Effect on Computerised Test Performance
In accordance with Eysenck’s (1992) PET, the CIM-CA contents that the cognitive
component of state computer anxiety has both a facilitative and debilitative effect on
CBT performance. However, the CIM-CA further postulates that the facilitative and/or
debilitative effect of computer anxiety on performance differs as a function of the
computer-based task at hand. The distinction between computer-based operational tasks
and computerised tests of cognitive ability is significant and thus warrants further
attention. Computer-based operational tasks refer to tasks designed to assess the testtakers computer skill pertaining to the operation and manipulation of the computer.
Thus performance on the test depends fully on the test-takers ability to execute the
computer-based operations, or learning connections between stimuli and responses, and
thus depends primarily on procedural knowledge (Matlin, 1994). Computer-based
cognitive tests, on the other hand, are comprised of items designed to assess general
intelligence or knowledge of some content area such as mathematics or science. These
tests may be administered under power, timed-power or speeded test conditions. Thus
computerised versions of cognitive ability tests use a computer to give exactly the same
questions as presented in p&p format and are designed to assess individual differences
in intelligence and/or factual knowledge about a specific content area. Hence, aspects of
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the PET are generalised to the CIM-CA to account for the interference and motivational
effects (i.e., on-task thoughts) of computer anxiety and its effect on both aspects of CBT
performance.

Specifically, the CIM-CA postulates that due to the computer anxious person’s
overriding sense of self-doubt initial attempts will be made to physically avoid
computing situations. In the immediate presence of the computer this avoidance
response will be expressed covertly through self-distraction or off-task thinking (Carver
& Scheier, 1986; Glass & Knight, 1988). However, this state of psychological
disengagement is short lived given that the computer anxious person is forced to reemerge in the computing situation to again face the threat at hand (i.e., operating the
computer). At this point, the CIM-CA draws heavily on the PET (Eysenck, 1992;
Eysenck & Calvo, 1992) to account for the facilitative and debilitative effect of
computer anxiety on performance. Consistent with the PET, the CIM-CA postulates that
worry has both motivational and interference effects. The CIM-CA maintains that when
the computer anxious person is again confronted with the stressful situation they attempt
to cope with the perceived threat and worry by allocating additional resources to the
task at hand, which leads to increased effort or compensatory strategies (i.e., increased
effort, on-task thinking) (Eysenck, 1992). However, due to the computer anxious
persons’ overriding sense of self-doubt these self-deprecatory thoughts soon return and
give rise to further concerns over ones performance and uncertainty about outcomes. As
a result, this overriding sense of self-doubt causes the computer anxious person to enter
a temporary state of cognitive withdrawal, followed by renewed effort, in an attempt to
compensate for the temporary lapse in concentration. Thus, according to the CIM-CA,
the computer anxious user will engage in a cycle of doubt, disengagement,
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reconfrontation, renewed effort followed by renewed doubt when interacting with
computers (Carver & Scheier, 1986). In accord with the PET (Eysenck, 1992; Eysenck
& Calvo, 1992), this cognitive process is claimed to affect processing efficiency more
than performance effectiveness.

Glass and Knight’s (1988) research findings provide some support for the potentially
differential effects of computer anxiety on processing efficiency and effectiveness, and
thus a fundamental tenet of the CIM-CA. It is important to note, however, that the
findings reported are based on students’ performance on a computer-based operational
task as opposed to a computerised cognitive ability test. Glass and Knight (1988) found
that computer anxious individuals reported significantly more off-task thoughts, on-task
thoughts and self-deprecatory thoughts (i.e., negative evaluation) when performing a
computer interactive task than their low computer anxious peers. Computer anxiety was
found to impede processing efficiency (i.e., latency) more than performance
effectiveness (i.e., number of errors on task). In relation to on-task thoughts, Glass and
Knight (1988) concluded that “It may be the case that high computer anxious
individuals were aware of their rising level of anxiety and more often attempted to
direct their attention back to the task at hand in order to cope with their anxiety and
debilitative arousal” (p. 362). In the CIM-CA, it is assumed that these on-task thoughts
are conducive to computer-based operational tasks in that these cognitions direct the
computer anxious person’s attention to the assessment task at hand. With respect to
computerised tests of cognitive ability, however, these on-task thoughts are postulated
to interfere with the processing resources available to the computer anxious person that
are needed for completion of the primary task (e.g., calculating a math problem). As a
consequence, computer anxious test-takers may increase the time devoted to the task in
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an attempt to compensate for the reduced processing capacity. Thus, on the cognitive
side, the tendency for computer anxious test-takers to experience on-task thoughts
contributes to performance degradation because such thoughts pre-empt or reduce the
storage and processing capacity in the working memory system. This reduction in
processing capacity would be expected to impair cognitive performance. However, in
accordance with PET (Eysenck, 1992; Eysenck & Calvo, 1992), the motivational
component of anxiety is expected to compensate for this reduction in processing
resources. Thus on the motivational side computer anxious test-takers would devote a
greater amount of time to the cognitive task in order to account for the reduced
processing efficiency (Eysenck, 1992; Eysenck & Calvo, 1992).

In the realm of computerised testing, the CIM-CA further postulates that the
relationship between computer anxiety and CBT performance varies according to the
power versus speeded nature of the test administration procedure. If a computer-based
power test of cognitive ability is administered, then the use of these compensatory
strategies will reduce processing efficiency in high computer anxious individuals, but
not performance effectiveness. Thus by providing the computer anxious person with
unlimited time to employ compensatory mechanisms performance effectiveness would
be expected to be preserved (i.e., number of items correct) at the expense of
performance efficiency (i.e., number of items solved). However, if a timed-power test or
speeded test of cognitive ability is administered then compensatory strategies cannot be
fully utilised given the imposition of time limitations. As a consequence, computer
anxiety will reduce processing efficiency and effectiveness. Thus, according to the
CIM-CA, processing efficiency and processing effectiveness are considered distinct and
thus need to be measured separately. Likewise, both state computer anxiety reactions
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and trait computer anxiety are considered conceptually distinct and need to be measured
independently. It follows that a discussion of the implications of the CIM-CA for the
assessment and measurement of computer anxiety and performance is warranted.

4.6 Implications for the Measurement of Computer Anxiety and Future Research
The CIM-CA posits that computer anxiety is a trait that manifests itself as heightened
state anxiety in the presence of the computer. With respect to the state-trait distinction,
research suggests that items comprising the anxiety sub-scale of the Computer Attitude
Scale (CAS-Anxiety: Loyd & Gressard, 1984) constitute a situation-specific measure of
anxiety more similar to trait anxiety than state anxiety (Deane et al., 1995). Hence, the
CIM-CA postulates that individuals scoring high on the CAS-Anxiety are more
vulnerable to stress in computing situations and should thus experience state anxiety
reactions (i.e., cognitive, affective and behavioural reactions) of greater intensity than
persons scoring low on the CAS-Anxiety. To this end, the CIM-CA also has important
implications for the assessment of state computer anxiety.

A noteworthy limitation of the measurement approach employed by current advocates
of the state-trait model is the tendency to dismiss the multidimensional
conceptualisation of state computer anxiety (Deane et al., 1995; Gaudron & Vignoli,
2002). Likewise, the majority of test equivalence research has focused on administering
more trait-oriented measures of computer anxiety such as the CAS-Anxiety (Loyd &
Gressard, 1984). As a result, researchers have failed to differentiate among the
components of computer anxiety and their unique effect on computer-based cognitive
performance. This situation may explain inconsistencies in prior equivalency research
where the state-trait distinction and the supposed motivational and attentional
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interference effects of computer anxiety have been overlooked (Laguna & Babcock,
1997; Powers, 1999; Shermis & Lombard, 1998; Vispoel et al., 1994).

Accordingly, the multidimensional perspective of state computer anxiety outlined in the
CIM-CA has important implications for the study of the computer anxiety-performance
relationship and thus relativity of equivalence. The model posits that anxiety states are
accompanied by distractibility, worry, and self-denigrating thoughts that are deductive
to task completion. From an operational or measurement perspective researchers need to
assess intrusive thoughts as a core component of state computer anxiety. In a recent
effort to disentangle state computer anxiety from state anxiety per se, McInerney et al.
(1999) developed the State Anxiety in Computing Situations Scale (SACS). The SACS
is a 22-item self-report scale designed to measure the cognitive, affective and
behavioural processes underlying state anxiety reactions in computing situations. As
discussed in Section 4.3, McInerney et al. (1999) also developed the SCS to examine
the kinds of intrusive thoughts common among computer anxious users when
interacting with computers. Although a number of similar measures have been devised
to assess the cognitive aspects of computer anxiety (e.g., Glass & Knight, 1988;
McInerney et al., 1999; Rosen et al., 1987), no study to date has employed these
measures to assess the effect of computer anxiety on computer-based measures of
cognitive or academic ability as opposed to computer performance per se. Hence,
research is needed to determine whether the relationship between the cognitive
component of computer anxiety and CBT performance is central enough to merit further
empirical attention. To this end, the CIM-CA directs research attention to the ways in
which computer anxiety may impede performance on CBT. This refocusing is achieved
by drawing on the PET (Eysenck, 1992; Eysenck & Calvo, 1992) to conceptually
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distinguish between processing efficiency and processing effectiveness. It is further
achieved by noting the potentially differential affect that computer anxiety may have on
computerised tests of cognitive ability designed to measure speed versus power.

As noted in Section 4.4, the relationship between performance effectiveness (i.e.,
accuracy) and efficiency (i.e., speed) may depend on the type of test administered (i.e.,
power versus speed). The CIM-CA posits that anxiety typically impairs processing
efficiency more than performance effectiveness when no time limits are imposed. Thus
anxiety should typically impair efficiency rather than effectiveness on tests designed to
measure power. On speeded tests, however, the model posits that efficiency and
effectiveness may be adversely affected given that time limitations restrict the use of
compensatory resources in stress conditions. To date, research efforts have not directly
evaluated the supposed motivational and attentional interference effects of computer
anxiety on information processing within the realms of CBT. Justification for pursuing
this line of research is illustrated by recent research evidence that suggests that
computer anxiety may inhibit examinees’ performance on computer-based measures of
cognitive ability (Shermis & Lombard, 1998; Vogel, 1994).

Based on the state-trait model, one possible explanation for the debilitative effect of
computer anxiety on CBT performance is that cognitive manifestations of the anxiety
state might be elicited when an individual is asked to use a computer thus pre-empting
resources in the working memory system. No known studies have evaluated whether
computer thoughts mediate the negative effect of computer anxiety on CBT of cognitive
ability. Hence, one objective of this thesis is to explore the role of cognitive intrusions
on CBT performance and test equivalence. In addition, it aims to provide empirical
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support for the state-trait conceptualisation of computer anxiety. A detailed description
of research objectives, questions, methodology and measures pertaining to Studies 1 and
2 is presented in Chapter Five.
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CHAPTER FIVE: Rationale and Research Design
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5.1 Rationale and Objectives of Study 1
Study 1 was conducted in collaboration with the Australian Defence Force Psychology
Research and Technology Group. The ADF is currently converting a number of their
cognitive ability tests used for personnel selection and classification from p&p to
computer. An important issue relating to the use of these computerised tests concerns
the equivalency of computer-generated scores and corresponding p&p scores. As noted
in the APA (1986) guidelines, cross-mode equivalence should be established and
documented before generalising norms and cutting score information from conventional
tests to their computerised counterparts. An equivalency study is also valuable to
establish validity across forms and to ensure that computerised assessment provides fair
testing for all test-takers (APA, 1986; Association of Test Publishers, 2000).
Accordingly, Study 1 was designed to examine the equivalence of two ADF cognitive
ability tests in terms of psychometric, behavioural, experiential and individual specific
aspects. Phase 1 of Study 1 addresses the equivalence of Test MX, a multiple-choice
test of simple mathematics, in terms of all four equivalency criteria. Likewise, Phase 2
of Study 1 was designed to explore the equivalency of Test C, a timed clerical aptitude
test, in terms of all four equivalency criteria.

The primary purpose of this study was to investigate whether scores obtained on the
conventional and computer-based versions of Test MX and Test C were
psychometrically equivalent. Equivalency was demonstrated by correlating test scores
and examining mean and distributional differences between the computerised and
conventional test scores. A second aim of Study 1 was to examine whether changes in
the mode of test administration evoked changes in examinees’ test-taking behaviour
thus affecting the equivalency and validity of test interpretations. A number of
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researchers have argued that changes in the format of response recording and item
presentation required by the two modes of assessment may affect examinees’ test-taking
behaviour and thus test validity. Corroboration for this assertion comes from a
compilation of studies where differential speededness and item omit patterns has been
reported across modes (Eaves & Smith, 1986; Goldberg, 2000; Greaud & Green, 1986;
Pommerich, 2000; Pomplun et al., 2002; Schaeffer et al., 1993; Van de Vijver &
Harsveld, 1994; Wise & Plake, 1989). In light of this research, Study 1 was designed to
compare test speededness and item omit patterns on the p&p and computerised versions.
This was achieved by comparing the number of items solved, omitted and not-reached
across the p&p and CBT administrations.

Increasing evidence suggests that the two modes of a test can be experienced differently
by examinees’ thus affecting the constructs measured by each test and so their
qualitative equivalence (e.g., Gallagher et al., 2000; Goldberg, 2000; Ogilvie et al.,
1999; Rasulis et al., 1996; Richman-Hirsch et al., 2000). As a result, a third objective of
Study 1 was to examine the experiential equivalence of Test MX and Test C in terms of
respondents’ reactions towards the conventional versus CBT formats. The ATCAS was
developed and employed in Study 1 to examine the effect of examinees’ reactions
towards the test-taking experience on CBT performance and thus test equivalence.
Hence, the ATCAS was developed for this study to determine whether examinees’
reactions towards the test experience differed as a result of the two test formats.

A fourth aim of Study 1 was to provide an identical and thus systematic investigation of
the effects of selected individual difference variables on the comparability of score from
the p&p and computerised versions of Test MX and Test C. As discussed in Chapter
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Three, a number of individual differences have been proposed to affect performance on
computerised tests and thus their equivalence with conventional tests. Lacking from this
body of literature are studies that provide a comprehensive and systematic evaluation of
a number of individual differences on test score equivalence. As a result, Study 1
extends previous research by examining the effect of several individual difference
variables (state anxiety, trait anxiety, test anxiety, computer thoughts, computer anxiety,
computer experience) on test equivalence and validity. Qualitative equivalence will be
jeopardised if performance on the conventional and computerised versions of Test MX
and Test C are found to covary divergently with the selected individual difference
variables of interest (McDonald, 2002; Tseng et al., 1997).

It is important to note that in collaborating with the ADF, Study 1 provides a unique
opportunity to study computer anxiety in an organisational rather than university setting.
As discussed in Section 3.6, the majority of studies exploring the effect of computer
anxiety on test equivalence have been conducted with university students that
demonstrate reasonable amounts of computer experience and low levels of computer
anxiety. Thus Study 1 differs from past research by employing an ADF sample to
explore the relationship between computer anxiety and CBT performance. Hence, a fifth
aim of Study 1 was to provide some clarification pertaining to the state-trait computer
anxiety distinction outlined in the CIM-CA. As discussed in Section 4.4, the CIM-CA
was developed for the purpose of this thesis to provide a theoretical foundation for the
study and measurement of computer anxiety. The CIM-CA draws on Deane et al.’s
(1995) state-trait approach which views trait computer anxiety and state computer
anxiety as conceptually distinct constructs that need to be measured separately.
Specifically, computer anxiety as a state refers to an unpleasant, transient, emotional
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condition that involves separate but related physiological, cognitive and behavioural
systems. As a situation-specific trait computer anxiety refers to relatively stable
individual difference in the tendency to perceive a range of situations involving
computers as threatening, and beyond one’s control, and to respond to such situations
with elevations in state anxiety (Deane et al., 1995; McInerney et al., 1999). In drawing
on the CIM-CA it is hypothesised that trait computer anxious individuals’ will respond
with extensive worry, tension, physiological arousal and avoidance behaviour in
situations involving the actual or anticipated use of computers.

With respect to computer anxiety and its effect on CBT performance, the CIM-CA
posits that intrusive thoughts in the form of worry and self-deprecatory cognitions
impact on CBT performance. Hence, a sixth objective of Study 1 was to provide
theoretical clarification pertaining to the computer anxiety-CBT performance
relationship. As discussed in Section 3.6, research addressing the effect of computer
anxiety on CBT scores has yielded equivocal results. These mixed findings may stem
from a lack of psychological or psycho-sociological theory basis. Accordingly, Study 1
draws on the CIM-CA to examine the relationship between computer anxiety and CBT
performance from a cognitive processing perspective. According to the model the
relationship between computer anxiety and examinees’ speed and accuracy of
responding depends, in part, on the interference caused by negative cognitions
pertaining to computers and their use. In the CIM-CA the heightened state of worry
experienced by computer anxious test-takers is postulated to pre-empt or reduce
processing resources of the working memory system. However, in accordance with the
PET (Eysenck, 1992; Eysenck & Calvo, 1992), the CIM-CA further contends that the
anticipation of aversive outcomes motivates the computer anxious person to improve
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their level of performance. Thus computer anxious individuals are expected to increase
the amount of time they devoted to the cognitive task in order to compensate for the
reduced processing capacity. In light of the CIM-CA it is hypothesised that computer
anxiety will impede examinees’ processing efficiency as measured by the number of
items solved. However, as noted in Section 4.4 performance effectiveness is likely to be
adversely affected under timed conditions since compensatory resources cannot be fully
employed. Given the time limitations imposed on Test MX and Test C computer
anxiety is also expected to impede examinees’ processing effectiveness. In Study 1,
processing effectiveness is operationalised in term of number-correct on Test MX and
Test C. No study to date has examined the mediating effect of computer thoughts on the
computer anxiety performance relationship where performance is examined in terms of
examinees’ speed and accuracy of responding.

Study 1 is also unique in that it examines the effect of computer anxiety on cognitive
performance in a “high-stakes” testing context where test scores actually counted (i.e.,
selection for the ADF). Accordingly, the most pragmatic design for data collection was
a repeated measures mixed design. Consensus pertaining to the use of this design was
based on the advantages associated with effectively accessing individuals within their
naturalistic setting. Although it is acknowledged that some order effect is inevitable the
pragmatic decision not to randomise the order of test-taking was also taken because the
selection and classification of ADF applicants was determined, in part, by their
performance on both Test MX and Test C. As a result, it would be unfair to use the
computerised versions of these tests for selection purposes before equivalency was
established.

90

According to the APA (1986) guidelines a preferred, although potentially less pragmatic
design, is a four-group, counterbalanced, repeated measures design with a considerable
time lapse between test administrations. To this end, a second study was performed
using this preferred design.

5.2 Rationale and Objectives of Study 2
Despite APA (1986) recommendations few studies have employed a four group,
counterbalanced, repeated measures design when examining formatting effects. Given
that this design offers a more comprehensive and less confounded evaluation of the
equivalency criteria, retest methodology was used in Study 2 to examine the cross-mode
equivalence of a numerical ability test using Australian undergraduates as participants.
The first aim of Study 2 was to investigate the equivalence of the ACER-AQ (ACER,
1978), a 29-item test of numerical ability, in terms of its psychometric aspects.
Quantitative equivalence was examined by comparing the mean, dispersion and
distribution of scores across modes. Again by utilising test-retest methodology the
validity of scores obtained from the conventional and computerised forms was
demonstrated, in part, by reporting the rank order of scores across modes.

Concerning test order, research suggests that the influence of administration mode may
differ as a function of whether the computer administration is encountered on the
examinee’s first or second exposure to the test (Elwood, 1972; Knights, Richardson, &
McNarry, 1973; Pomplun et al., 2002). Despite potential test order effects few studies
have employed crossover or counterbalanced designs when using test-retest
methodology to control for such effects. As a result, Study 2 differs from most of the
past research by utilising a four-group, counterbalanced, repeated measures design with
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a test-retest interval spanning three weeks. Moreover, by using retest methodology that
was completely crossed, Study 2 improves upon the research design used in Study 1 and
the research methodology of previous equivalency studies that have employed
counterbalanced groups alone (Fulcher, 1999), or simple between-group designs
(Mason et al., 2000; Mazzeo & Harvey, 1988). A limitation of the use of betweensubjects designs in equivalency studies is that it precludes the evaluation of the
consistency of the rank ordering across modes. As a result, between subjects-designs
allow for the evaluation of a limited set of the variables needed for demonstrating
equivalency (Honaker, 1988). A limitation of a single counterbalanced groups design is
that it prevents the evaluation of test-order effects (Bugbee, 1996). Thus Study 2
provides data that is in accordance with the APA (1986) guidelines for demonstrating
that computerised test administrations are equivalent to conventional procedures.

In addition to the examination of psychometric equivalence this second study examined
the equivalency of the ACER-AQ (ACER, 1978) in terms of behavioural aspects. In line
with Study 1 this second study also examined whether changes in the mode of test
delivery affected the strategies with which the examinees’ approached the test items and
thus the validity of the two forms. This was achieved by comparing indices of test
speededness and item omit patterns across the conventional and computerised versions
of the ACER-AQ.

A third objective was to examine the equivalency of the ACER-AQ in terms of
experiential aspects. Consistent with Study 1 the ATCAS was used to explore whether
the conventional and computerised versions of the ACER-AQ were experienced
differently by examinees thus affecting the validity of test scores. Study 2 also explored
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the relationship between examinees’ reactions towards the test-taking experience and
CBT performance and thus test equivalence.

A fourth aim of Study 2 was to examine the ACER-AQ in terms of relativity of
equivalence. In accordance with Study 1 the examinee characteristics selected were test
anxiety, state anxiety, trait anxiety, intrusive computer thoughts, computer experience
and both state and trait computer anxiety. Thus taken together both Studies 1 and 2
provide a systematic evaluation of a number of individual differences that may affect
test equivalence and validity. No study to date has undertaken such a comprehensive or
systematic investigation. Given the student sample employed in Study 2 and the scope
of the thesis the theoretical postulates of the CIM-CA were not explored in Study 2.

In light of the research objectives this thesis extends previous research by (1) examining
equivalency in terms of psychometric, behavioural, experiential and individual specific
aspects, (2) drawing on an Australian ADF and student population, (3) exploring the
effect of administration mode on test-taking behaviour, (4) providing a systematic
examination of the relationship between individual difference variables and test
equivalence, (5) drawing on theory to account for the potentially debilitative effect of
computer anxiety on computerised test performance, and (6) exploring the effect of
individual difference variables and experiential factors on CBT performance in a “highstakes” test environment.
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5.3 Research Questions for Studies 1 and 2
This thesis was designed to address a number of research questions about psychometric,
behavioural, experiential and relativity of equivalence.

With regard to psychometric equivalence the following research questions guided the
design, data collection and analyses performed in both Studies 1 and 2:
•

Do the p&p and computerised versions of Test MX, Test C and the ACER-AQ yield
comparable rank order, mean, dispersion and distribution of scores?

Concerning the study of behavioural equivalence the following research questions were
generated for Studies 1 and 2:
•

Does the mode of test administration differentially affect the examinees’ rate of
responding and/or the propensity to omit items on Test MX, Test C and the ACERAQ?

Concerning the study of experiential equivalence the following research questions were
generated for Studies 1 and 2:
•

Does an individual’s reaction towards the test-taking experience differ as a result of
the varying test formats?

•

Do examinees’ reactions towards the p&p and CBT experience influence examinees
performance on conventional versus computerised tests of cognitive ability?

Concerning the study of relativity of equivalence the following research questions were
generated for Studies 1 and 2:
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•

Does the relationship between cognitive performance and the following individual
difference variables differ according to the mode of test administration (i.e., p&p vs.
computer):

!

Test anxiety and its components (worry, emotionality, distractibility, confidence)

!

State anxiety and/or trait anxiety

!

Interaction of state and trait anxiety

!

Negative computer thoughts

!

Computer Experience

!

Perceived Computer Proficiency

!

Trait Computer Anxiety

5.4 Research Hypothesis for Study 1
In addition, Study 1 will address the following hypotheses:
Hypothesis 1: High trait computer anxiety will be associated with high levels of
state computer anxiety (i.e., worry, distractibility, negative intrusive thoughts,
physiological symptoms, emotionality) in situations involving the actual or anticipated
use of computers.
Hypothesis 2: Examinees reporting high levels of computer trait anxiety will attempt
to compensate for the cognitive interference effects of state computer anxiety by
focusing more attention to the task at hand. The use of this compensatory strategy will
reduce performance efficiency, operationalised in terms of the total number of items
solved, in trait computer anxious examinees (because more processing resources are
being used).
Hypothesis 3: Since compensatory processes cannot be fully employed due to the
time limitations imposed it is predicted that performance effectiveness, operationalised
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in terms of the total-number correct, will also be impaired in trait computer anxious
examinees.
Hypothesis 4: Cognitive interference will mediate the performance deficit
associated with trait computer anxiety. Thus negative computer thoughts will mediate
the negative main effect of computer trait anxiety on performance effectiveness and
performance efficiency.

5.5 Description of Measures of Cognitive Ability
Section 5.5 provides a description of measures used in the present research.
Specifically, Section 5.5.1 describes the p&p and computer-based measures of cognitive
ability used in Studies 1 and 2. In turn, Section 5.6 describes questionnaires designed to
measure the individual difference variables explored in Studies 1 and 2. Instruments
described in Section 5.6 were administered in paper form only. All questionnaires
measures are presented in Appendix A. Due to copyright restrictions Test MX, Test C
and the ACER-AQ were not included in Appendix A.

5.5.1 Paper-and-Pencil Format of Test MX
Test MX was developed by the Royal Australian Air Force Psychology Service
(Australian Department of Defence, 2001) for use in personnel selection and the
classification of General Entry trades and in vocational guidance. The test consists of
five practice questions and 28 timed multiple-choice test items of simple mathematics.
The examinee is required to select an answer to a question from one of the five
alternatives given. The test comprises 13 applied arithmetic problems, six simple
calculations, and 9 number series questions. Examinees are given 8 minutes to complete
five practice items and 12 minutes to complete as many of the five-option, multiplechoice items as possible.
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5.5.2 Paper-and-Pencil Format of Test C
Test C is a 40 item timed, speed and accuracy, clerical aptitude test developed by the
Royal Australian Air Force Psychology Service (Australian Department of Defence,
2001). The test comprises 12 practice items, and three groups totalling 40 items. Each
group of items refers to a table comprising various pieces of information, followed by a
number of questions that predominantly require the examinee to extract some
information from the table. Some questions within each group require the examinee to
detect spelling errors. Overall, the test comprises 15 problems requiring monetary
calculations, 15 problems requiring the test-taker to classify, tally and order objects and
10 multiple-choice items assessing spelling ability. Responses to the problem solving
items are derived by extracting information from two separate tables. Examinees are
required to extract and manipulate the relevant information from the table and write the
answer in the space provided. Examinees are given five minutes to complete 12 practice
items and 20 minutes to complete the 40 questions comprising Test C.

5.5.3 Computerised Format of Test MX and Test C
The computerised versions of Test MX and Test C were administered on Pentium 126
microcomputers, with 64 megabytes of random access memory (RAM), 1.7-4.3
gigabyte hard drives, and 166 MX processors. The computerised version was designed
to be highly comparable to its p&p counterpart. Accordingly, the self-paced computer
version presented the test items in the same order as the p&p version although one item
at a time. Examinees were permitted to skip, review, and/or revise items on the CBT.

However, there were a number of important differences between the p&p and computerbased administration modes. One major difference concerns editorial factors. In order to
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review items on the computerised versions the test-taker had to use the mouse to select
arrow keys displayed in the bottom left and right hand corners of the computer screen.
The right arrow key allowed the examinee to move backward one item, whilst the left
arrow key allows the examinee to move forward one item. To review or revise a specific
question the test-taker had to use the mouse to select numbered keys at the bottom of the
screen. For example, by clicking on the ‘10+’ button followed by the ‘4’ button the testtaker was able to view question ‘14’. To move forward to item ‘21’ the examinee would
select the ‘20+’ button followed by the ‘1’ button. The examinee could skip an item by
using the mouse to press the right arrow key before responding to the item.

A second major difference between test modes relates to response recording. For Test
MX participants responded to each item by placing the cursor over one of the fiveoption multiple-choice answers and clicking the left mouse button on the preferred
response. Likewise, participants responded to each of the spelling items comprising Test
C by using the mouse to select one of the five-option, multiple-choice answers
presented on the computer screen. However, for items involving the classification and
ordering of objects and monetary calculations examinees responded on a numbered
keyboard presented horizontally on the bottom of the computer screen. The buttons
comprising the keyboard displayed the numbers one to ten and three currency signs (‘$’,
‘c’, ‘.’). Participants were instructed to use the currency buttons when responding to
items pertaining to monetary calculations. When answering items pertaining to the
classification and ordering of objects examinees entered the number that corresponded
to the title or name by using the mouse to select numbers from a keyboard presented on
the bottom of the computer screen.
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A third major difference concerns the test instructions used. Conventional test
instructions were modified for the computerised administration condition. Hence, test
instructions that were read aloud by the test administrator in the p&p test condition were
presented on the computer. Additional information concerning methods for operating
the computerised assessment system were also presented on the computer, followed by
sample questions and then a prompt to start the computerised test. Moreover, in the
CBT condition a clock was presented at the top of the computer screen throughout
testing, while in the p&p test condition a clock situated at the front of the testing room
was used to monitor the time remaining. Furthermore, at the end of the CBT a set of
instructions was displayed on the computer screen informing the examinee to cease
work. In the p&p test condition examinees were instructed verbally to cease work.

5.5.4 Paper-and-Pencil Format of the ACER Advanced Test AQ (ACER-AQ)
The ACER Advanced Test AL-AQ was designed to measure general intellectual ability
and is comprised of a linguistic section and a quantitative section. Only the quantitative
section, referred to as the ACER-AQ (ACER, 1978), was used in Study 2. The ACER AQ is a 29 item instrument designed to measure numerical ability of adults and students
aged 15 years and over at secondary and tertiary level. The item types within this test
are number sequences (6 items), arithmetic reasoning (17 items), and number matrices
(6 items). This test has a time limit of 20 minutes and presents five practice questions
before the commencement of the test. Detailed reliability, normative and validity data
for the ACER-AQ are provided in the test manual (ACER, 1982). Reliability
coefficients ranging from .84 to .91 have been reported for secondary school students
and students enrolled in colleges of Technical and Further Education (TAFE) thus
providing evidence of moderate to high internal consistency.
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5.5.5 Computerised Format of the ACER-AQ
The computerised version of the ACER-AQ was administered via Pentium 166
microcomputers with 32 megabytes of RAM and 1.2 gigabyte hard drives. The practice
questions and test items were identical to those comprising the p&p test, although items
on the computerised test were presented individually on the computer screen.
Examinees were required to type their answers to each question using the number pad
located on the right hand side of the computer keyboard. To preview, review and skip
items, the test-taker had to use the mouse to select buttons displayed on the bottom of
the computer screen. The ‘Next Item’ key allowed the examinee to move forward one
item, the ‘Previous Item’ button allowed the examinee to move backward one item,
while the “Skip Item’ button allowed the examinee to omit the item. Furthermore,
examinees were permitted to change answers after submitting a response. The time
remaining was presented in the lower right hand corner of the computer screen.

5.6 Measures Used to Examine Experiential and Relative Equivalence
Section 5.6 provides a description of the various self-report questionnaires used in both
Studies 1 and 2, unless stated otherwise. Copies of the measures are presented in
Appendix A.

5.6.1 Demographic Information
A number of questions were developed to elicit background information. Participants
were asked to indicate their date of birth, sex, and whether English was their primary
language spoken at home. In addition, respondents were asked to report their level of
education by choosing from one of five options (School Certificate or equivalent,
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Higher School Certificate or equivalent, TAFE, Undergraduate Degree, Postgraduate
Degree).

5.6.2 State-Trait Personality Inventory
The trait section of the State-Trait Personality Inventory (STPI: Spielberger et al., 1979)
was used in Study 2 to measure anxiety as a stable internal characteristic. The trait
section consists of three sub-scales: Anger, Curiosity and Anxiety. Neither Anger nor
Curiosity was of relevance to the present study. The Anxiety scale (STPI-Anxiety) is a
10 item measure scored on a 4-point Likert-type scale ranging from ‘almost never’ (1)
to ‘almost always’ (4). Three items are reversed scored such that higher scores indicate
a greater tendency to experience anxiety. Detailed reliability, normative and validity
data for the STPI-Anxiety are reported in the STPI Test Manual (Spielberger et al.,
1979). Alpha coefficients reported in the manual range from .88 to .92 thus indicating
high internal consistency for the trait anxiety scale (Spielberger et al., 1979).

5.6.3 State-Trait Anxiety Inventory (Form Y)
The State-Trait Anxiety Inventory (STAI-Form Y) consists of two questionnaires with
20 items each (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). The first
questionnaire measures state anxiety (STAI-State) and provides an overall rating of how
anxious a person feels at a particular moment in time. The second questionnaire assesses
trait anxiety (STAI-Trait) and thus gives an overall rating of how a person generally
feels. Only the STAI-Trait was used in Study 1 to measure anxiety as a stable internal
characteristic. Each item is rated on a 4-point Likert-type scale ranging from (1) ‘almost
never to (4) ‘almost always’. Responses are keyed such that a higher score indicates a
higher degree of trait anxiety.
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Detailed reliability, normative and validity data for the STAI-Form Y are reported in the
test manual (Spielberger et al., 1983). Test-retest reliability coefficients for the STAITrait are reasonably high for university students ranging from .73 to .86, but somewhat
lower for high school students ranging from .65 to .75. The median test-retest
coefficient for a number of different university and high school samples were .77 and
.70. Moreover, based on samples of working adults a universally high median internal
consistency reliability of .90 has been reported for the STAI-Trait.

5.6.4 State Anxiety
A six item version (STAI-6) of the STAI-State (Form Y) (Spielberger et al., 1983) was
used to examine how anxious the individual felt at a particular moment in time.
Previous research suggests that the short version has acceptable reliability (α = .82) and
yields scores that are comparable to those obtained using the complete 20 item form
across participant groups manifesting normal and raised levels of anxiety (Marteau &
Bekker, 1992).

Spielberger et al. (1983) indicated that when administering the STAI-State for research
purposes the instructions could be modified to evaluate the intensity of state anxiety
“felt at a particular time in the recent past…in a specific situation….or in a variety of
hypothetical situations” (p. 2). For the purpose of the present study a hypothetical
testing situation was described and applicants were asked to rate their level of state
anxiety elicited by the test situation described. Therefore, the STAI-6 was used to assess
how anxious the applicants anticipated they would feel on the test day. Items are
answered on a four point Likert scale from ‘not at all’ (1) to ‘very much so’ (4). Higher
scores reflect greater state anxiety.
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5.6.5 Revised Test Anxiety Scale
The Revised Test Anxiety Scale (RTA: Benson & El-Zahhar, 1994; Benson, MoulinJulian, Schwarzer, Seipp, & El-Zahhar, 1992) is a 20 item measure that provides a total
test anxiety score (RTA-Total) as well as separate scores on four sub-scales, namely,
Worry (RTA-Worry: 6 items), Irrelevant Thinking (RTA-Irrelevant Thinking: 4 items),
Tension (RTA-Tension: 5 items) and Bodily Symptoms (RTA-Body: 5 items).
Participants respond on a four-point Likert scale ranging from ‘almost never’ (1) to
‘almost always’ (4). Higher scores reflect greater test anxiety.

The RTA (Benson & El-Zahhar, 1994; Benson et al., 1992) was devised by combining
items from the Test Anxiety Inventory (Spielberger, Gonzalez, Taylor, Algaze, &
Anton, 1978) and the Reactions to Tests Scale (Sarason, 1984). Benson et al. (1992)
then demonstrated the dimensionality of the RTA using a multinational sample
(American, German, Egyptian students). The results yielded an 18 item RTA composed
of four dimensions. Subsequently, Benson and El-Zahhar (1994) examined the
dimensionality of the RTA using CFA and cross-validated their findings with a sample
of American and Egyptian examinees to yield a 20 item RTA comprising four factors,
namely, Worry, Tension, Test-Irrelevant Thinking and Bodily Symptoms. Alpha
coefficients ranged from .76 to .81 for the American sample thus providing evidence of
high internal consistency for all four sub-scales. For the Egyptian sample, alpha
coefficients ranged from .60 to .77 and thus demonstrated acceptable internal
consistency (Anastasi, 1990), with the exception of the Bodily Symptoms sub-scale (α
= .60). When the two samples were merged, and two samples drawn at random, subscale reliabilities ranged from .71 to .84 for Sample 1 and .68 to .83 for Sample 2.
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Across all four samples the overall scale reliability was relatively stable ranging from
.84 for the Egyptian sample to .91 for the American sample.

5.6.6 Multidimensional Test Anxiety Scale
The Multidimensional Test Anxiety Scale (MTAS: Hodapp & Benson, 1997) is a 29
item measure of test anxiety. It provides total test anxiety scores (MTAS-Total) as well
as separate scores on four sub-scales, namely, Worry (MTAS-Worry: 8 items),
Distraction (MTAS-Distraction: 8 items), Emotionality (MTAS-Emotionality: 8 items),
and Lack of Confidence (MTAS-Confidence: 5 items). Items are answered on a fourpoint Likert scale ranging from ‘almost never’ (0) to ‘almost always’ (5). Higher scores
indicate greater test anxiety.

The MTAS was devised by combining items from the German Test Anxiety Inventory
(TAI-G: Hodapp, 1996; Hodapp, Glanzmaan, & Laux, 1995) and the Revised Test
Anxiety (RTA) scale (Benson, Moulin, Schwarzer, Seipp, & El-Zahhar, 1992). Initially,
these measures were administered to 218 American and 218 German university
students. Results from both exploratory and confirmatory factor analyses yielded a
model with four primary factors, namely, Worry, Emotionality, Distraction and Lack of
Confidence. The four-factor structure was found to be both stable and reliable with
moderate to high alpha reliabilities being reported for each of the four factors.
Specifically, estimates of reliability ranged from .87 to .94 for the American sample,
and from .80 to .88 for the German sample. (Note: The 20 item RTA was used in Study
1 rather than the 29 item MTAS due to limitations on the number of questionnaire items
that could be used in the initial study.
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5.6.7 Trait Computer Anxiety
The 10 item Computer Anxiety sub-scale (CAS-Anxiety) from Loyd and Gressard’s
(1984) Computer Attitude Scale was used to measure trait computer anxiety. Items are
rated on a 5-point Likert-type scale ranging from ‘strongly disagree’ (1) to ‘strongly
agree’ (5). Higher scores on the anxiety sub-scale correspond to higher computer
anxiety. The reliability and validity of the scale has been examined with high school
students (Loyd & Gressard, 1984), undergraduate students (Bandalos & Benson, 1990;
Glass & Knight, 1988; Smith & Caputi, 2001; Smith et al., 1999), teachers (B.E. Loyd
& D.E. Loyd, 1985; Roszkowski, Devlin, Snelbecker, Aiken, & Jacobsohn, 1988), and
high school counsellors (Stone, Thompson, & Lacount, 1989). Alpha reliabilities in the
range of .86 to .96 have been reported demonstrating high internal consistency.

5.6.8 State Anxiety in Computing Situations
The 22 item State Anxiety in Computing Situations (SACS: McInerney et al., 1999)
scale provides total computer anxiety scores as well as separate scores on Worry
(SACS-Worry: 6 items), Distractibility (SACS-Distractibility: 5 items), Happiness
(SACS-Happiness: 6 items) and Physiological Symptoms (SACS-Physiological
Symptoms: 5 items). Participants respond on a four-point Likert type scale ranging from
‘almost never’ (1) to ‘almost always’ (4). McInerney et al. (1999) examined the internal
consistency and factor structure of the SACS scale using 794 undergraduate students.
The four-factor structure was found to be reliable with high to moderate alpha
reliabilities being reported for each of the four factors: Worry (.90), Happiness (.93),
Physiological Symptoms (.86), and Distractibility (.81).
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5.6.9 Sense of Control Scale
Intrusive computer thoughts were assessed using the Sense of Control scale (SCS:
McInerney et al., 1999). The scale comprises 12 items that assess positive and negative
cognitions about the mastery of computers. Factor analysis of the scale by McInerney et
al. (1999) has revealed two unique dimensions: Positive Sense of Control (SCSControl) and Fear (SCS-Fear). The SCS-Control sub-scale consists of 6 items
expressing positive control cognitions about using and mastering computers (e.g., ‘I can
master the computer’). The SCS-Fear sub-scale consists of 6 items expressing negative
or fear cognitions about being able to master computers (e.g., ‘I might break the
machine’). Participants respond to items on a 5-point Likert scale ranging from ‘not at
all’ (1) to ‘very much’ (5), depending on the frequency with which they experience each
thought during real or imagined computer interactions. In previous research, alpha
coefficients of .89 and .84 have been reported for SCS-Control and SCS-Fear,
respectively (McInerney et al., 1999).

5.6.10 Attitude Towards Computerised Assessment
The Attitude Towards Computerised Assessment Scale (ATCAS) was developed for the
purpose of this study to assess examinees’ cognitive and affective reactions towards
computerised testing. In particular, items were developed to evaluate the anxiety
produced by the CBT environment, difficulty of interacting with computers, ease of
answering questions and preference for taking a p&p as opposed to a computerised test.
Of the 13 items comprising the ATCAS, nine items were taken from an attitude
questionnaire developed by Burke et al. (1987), but worded differently for the purpose
of this study. All 13 items are rated on a 5-point Likert-type scale ranging from
‘strongly disagree’ (1) to ‘strongly agree’ (5). Higher scores reflect a greater preference
for conventional testing methods.
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The factor structure of the ATCAS was examined in two separate studies involving
university students and ADF applicants (See Appendix B). Exploratory factor analysis
(EFA) using a student sample as participants yielded two qualitatively different aspects
of the individual’s perceptions of the CBT experience: Ease of Use and CBTConfidence. The first factor evaluated the respondents’ emotional reactions towards the
CBT environment and perceived ease of use. The second factor addresses examinees
confidence in using the computerised test based on their current level of computer
experience. The total ATCAS scale yielded an alpha of .79, while an alpha of .78 and
.77 was obtained for the Ease of Use and CBT-Confidence sub-scales, respectively.

Concerning the results of the second study reported in Appendix B, exploratory and
confirmatory factor analysis showed that the dimensionality of the ATCAS was stable
over independent ADF samples. For the EFA, sub-scale reliabilities of .78 and .77 were
obtained for the Ease of Use and CBT-Confidence sub-scales. For the confirmatory
factor analysis, sub-scale reliabilities of .78 and .77 were obtained for the Ease of Use
and CBT-Confidence sub-scales.

5.6.11 Perceived Computer Proficiency
Based on Anderson (1996), the seven item Perceived Computer Proficiency scale
(PCPS) was developed for the purpose of this research. Participants were instructed to
rate their perceived level of experience on a number of computer related activities (e.g.,
word-processing, spreadsheets, games, e-mail). Responses range from ‘none’ (0) to
‘expert’ (4). Answers are summed to provide a total score ranging from 0 (indicating no
perceived experience) to 28 (i.e., expert). Participants were also asked to give a global
rating of their level of computer knowledge on a 3-point scale (1 = Beginner, 2 =
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Intermediate, 3 = Advanced). Internal consistency estimates of .81 (Sword, 2000) and
.86 (Smith & Caputi, 2001) have been reported with student samples.

5.6.12 Computer Usage Scale
The 11 item Computer Usage Scale (CUS) was developed for the purpose of this study
to elicit information about the participants’ familiarity with a diverse range of computer
software and applications. The participants were asked to rate the frequency in which
they used a wide variety of computer applications in the last twelve months (e.g., word
processing, spreadsheet, games, word wide web, electronic mail). Participants
responded on a 3-point Likert scale ranging from ‘never’ (0) to ‘frequently’ (2) with
higher scores meaning more frequent use. The reliability of the scale has been examined
with undergraduate students where alpha reliabilities of .71 (Sword, 2000) and .86
(Smith & Caputi, 2001) have been reported.

5.6.13 Amount of Computer Experience
To assess amount of computer experience participants were asked to complete four
questions (Smith et al., 1999; Smith & Caputi, 2001). Responses to the first question,
‘For how many months/years have you used a computer?”, were rated on a five point
scale ranging from ‘none’ (0) to ‘more than 10 years’ (4). Participants were then asked
the following: (1) ‘How many hours per week do you use a computer at home?’ (2)
‘How many hours do you use a computer at work?’ and (3) ‘How many hours have you
spent so far learning to use a computer in a formal training setting?’. All three questions
were rated on a five point Likert-type scale ranging from ‘less than 5 hours’ (0) to
‘More than 50 hours’ (4). In addition, participants were also asked to indicate whether
they had ever taken a test or exam on a computer by responding yes or no.
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5.6.14 Opportunity to Use Computers
The Opportunity to Use Computers scale consisted of three items reflecting the
perceived availability of computer resources within academic facilitates and the home
(Smith et al., 1999). Participants were asked the following: (1) ‘Did you use computers
at high school, University or TAFE?’ (2) ‘Do you have access to a personal computer at
home?’ (3) ‘Do you use a computer at work?’ All questions were answered as Yes or
No (Smith & Caputi, 2001; Smith et al., 1999).

The next chapter outlines Study 1 of the thesis, which explores the quantitative and
qualitative equivalence of Test MX using ADF applicants as participants.
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CHAPTER SIX: Exploring the Equivalence of Test MX Using an
Australian Defence Force Sample
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6.1 Aims of Phase 1 of Study 1
Phase 1 of Study 1 provides a comprehensive examination of the equivalency of Test
MX, a multiple-choice test of simple mathematics, in terms of psychometric,
behavioural, experiential and individual difference aspects. Hence, this study was
designed to address the research questions presented in Section 5.3. In addition, the
present study will address the hypotheses outlined in Section 5.4. Thus conceptual
clarification of computer anxiety and its effect on computerised test performance is
provided by (1) examining the state-trait distinction outlined in the CIM-CA, (2)
exploring the relationship between computer anxiety and both performance
effectiveness and efficiency, and (3) exploring the mediating role of computer thoughts
on the computer anxiety-CBT performance relationship.

6.2 Method
6.2.1 Participants
The sample comprised 685 ADF applicants of which 542 were male (79.1 %) and 98
were female (14.3 %). Forty-five (6.6 %) participants did not report their sex. The age
range of applicants at the time of testing was 16 to 40 years with a mean age of 21.95
years (SD = 4.81).

6.2.2 Instruments
The following instruments were used to measure general ability and individual
difference characteristics. These instruments are described in Sections 5.5 and 5.6.
•

Amount of Computer Experience Scale.

•

Attitude Towards Computerised Assessment Scale (ATCAS).

•

Computer Anxiety sub-scale (CAS-Anxiety).
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•

Computer Usage Scale (CUS).

•

Conventional versus computerised versions of Test MX.

•

Information sheet designed to measure background information such as age, gender,
level of education and ethnicity.

•

Perceived Computer Proficiency Scale (PCPS).

•

Revised Test Anxiety Scale (RTA).

•

Sense of Control Scale (SCS).

•

Six-item short form of the State-Trait Anxiety Inventory (STAI-6).

•

Trait Anxiety sub-scale of the State-Trait Personality Inventory (STAI-Trait).

6.2.3 Research Design
A two-way mixed design was used to examine mode of administration effects. There
were repeated measures on one independent variable, namely, administration time and
independent groups on the other independent variable, namely, test group (Townsend,
2002). Hence, applicants were assigned to either a paper-to-paper (P-P) or a paper-tocomputer (P-C) test group. Examinees assigned to the P-P group completed the p&p
version of Test MX at Times 1 and 2, while those assigned to the P-C group completed
the p&p version of Test MX at Time 1, followed by the computerised version at Time 2.

6.2.4 Procedure
Testing took place at an ADF Recruiting Unit where applicants are initially tested and
interviewed for selection into the ADF (i.e., Army, Air Force or Navy). However, two
to six weeks prior to arriving at the ADF Recruiting Unit participants were mailed an
information package. The information package included a booklet containing a consent
form, demographic questions and a set of questionnaires developed to assess
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respondents’ thoughts and feelings about computers, computer use in general, and the
test-taking environment. In the final six weeks of the study questionnaire booklets were
administered on the selection day rather than mailed prior to the test day. This change in
protocol was brought about by the low return rate of questionnaire information and time
limitations.

In the initial administration phase participants were tested in groups of 20 to 30 in a
quiet test room. Applicants first completed a personal history profile, followed by a
battery of ADF selection tests, administered in paper form. For each p&p test
standardised instructions were read aloud by a test administrator. The test administrator
worked through the first two example questions with the group before instructing
participants to complete the remaining three questions on the practice test. The test
administrator addressed any questions or concerns raised during the practice period.
Participants were then given 12 minutes to complete the 28 questions that comprise Test
MX as monitored by a stopwatch. Once the 12 minutes had elapsed participants were
asked to cease testing and the test administrator immediately collected the test booklets.

The second test phase occurred immediately after the initial test phase. However, for
those applicants volunteering to complete the questionnaire booklet the second
administration phase occurred approximately 20 minutes after the initial test session.
Test MX was the only test administered from the test battery. Initially, participants were
randomly assigned to either a p&p or computer condition. For those allocated to the
p&p condition the procedure for administering Test MX was identical to the first test
phase. In comparison, participants in the computer condition were escorted into a
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separate testing room and assigned to one of 12 computer terminals. Each computer was
situated in a console so that the test-taker could not view adjacent computer screens.

Participants were randomly assigned to a computer terminal. Before commencing the
computerised version a set of standardised instructions regarding the use of the
computer for testing purposes was read aloud by the test administrator. Participants
were then instructed to complete the practice questions on the computer before
commencing Test MX. During the actual test a countdown timer displaying minutes
only was positioned at the top right-hand corner of the computer screen. As in the paper
condition participants were allowed to use paper to assist in the working out of their
calculations. Upon completing the computerised test applicants were administered the
ATCAS.

6.3 Results
6.3.1 Sample Characteristics
Of the 351 applicants assigned to the P-P condition, 274 (78.1 %) were male and 35
(10.0 %) were female. Forty-two participants did not report sex (12.0 %). The age range
of male applicants was 17 to 39 years (n = 269, mean age = 22.05, SD = 4.89), whilst
the age range of female applicants was 17 to 33 years (n = 35, mean age = 21.44, SD =
3.99). Five male participants did not report their age. Of the 334 participants randomly
assigned to the P-C condition, 268 (80.20 %) were male and 63 (18.90 %) were female.
Three participants (0.09 %) did not report their sex. The age range of male applicants
was 16 to 40 years (n = 268, mean age = 22.14, SD = 5.04), while the age range of
female applicants was 17 to 34 years (n = 63, mean age = 21.40, SD = 4.32).
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A total of 220 applicants in the P-P condition and 198 applicants in the P-C condition
completed and returned the questionnaire booklets. However, there was some attrition
in sample sizes due to incomplete or missing responses on some questionnaires. The
results of a set of chi-square analyses indicated that the two samples are similar with
respect to background characteristics and level of computer experience and familiarity.
The results of the chi-square analyses comparing test groups on background information
and computer experience are presented in Appendix C, Table 51.

6.3.2 Preliminary Analyses
Prior to conducting the main analyses performance data (i.e., number-correct) and
scores on measures of test-taking behaviour (i.e., number of items solved, omitted, notreached, transformed proportion correct) were evaluated for both normality and outliers
(Tabachnick & Fidell, 2001). Inspection of histograms and boxplots indicated that
scores were normally distributed for the number-correct, number-solved and
transformed proportion correct. However, measures of item omit patterns (i.e., number
of items not-reached and omitted) were found to have nonnormal skewness and
kurtosis. As a result, distribution free tests were used to examine item omit patterns as a
function of test mode. In addition to the inspection of z-scores for extreme cases, a
number of graphical methods (i.e., Box plots, stem-and-leaf plots) were also used to
detect univariate outliers on measures of performance and test-taking behaviour
(Tabachnick & Fidell, 2001).

6.3.3 Reliability Analyses of the Instruments
Reliability coefficients for the anxiety, computer thoughts and computer usage measures
are presented in Appendix C, Table 52, for the total sample and both the P-P and P-C
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groups. For the total sample reliability coefficients ranged from .64 (for the RTA-Bodily
Symptoms) to .92 (for the SCS-Control). Similar results were obtained for each of the
test groups with reliability coefficients ranging from .65 to .92 for the P-P group and
from .61 to .92 for the P-C group. These coefficients indicate satisfactory internal
consistency with a few notable exceptions (Nunnally, 1967). The reliability coefficient
for the RTA-Bodily Symptoms sub-scale was less than .70 for both the P-P (α = .65)
and P-C (α = .61) test groups and the total sample (α = .64). Likewise, the reliability
coefficient for the SACS-Physiological Symptoms sub-scale was less than .70 for both
the P-P (α = .69) and P-C (α = .62) test groups and the total sample (α = .66), while the
reliability coefficient for the SCS-Fear sub-scale was lower than .70 for the C-P group
(α = .62). Although the reliability coefficients were lower than the conventional cut-off
of .70 they were considered acceptable within this research. However, some care should
be taken when interpreting results based on these scales (Nunnally, 1967).

6.3.4 Examination of the Psychometric Equivalence of Test MX
6.3.4.1 Test of Equality of Scale Means
The first criterion for demonstrating test equivalence is the equality of scale means.
Table 2 presents means and standard deviations for the computer and p&p versions of
Test MX by test group and administration time. Although both groups showed an
improvement in performance across time, the mean test score for the P-P group was
higher than the P-C group at Times 1 and 2. Hence, an independent t-test was first
performed to determine whether both groups yielded comparable scores on the initial
p&p test. This test was found to be statistically significant, t(683) = 3.78, p = .000, η² =
.02, indicating that the P-P group (M = 16.78, SD = 5.10) achieved higher scores on
average than the P-C group (M = 15.28, SD = 5.28).
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Table 2
Means and Standard Deviations for Number-Correct on Test MX by Test Group and
Administration Time
Time 1

Time 2

Group

n

M

SD

M

SD

P-P

351

16.78

5.10

18.97

5.09

P-C

334

15.28

5.28

17.07

5.57

In light of the significant test group effect found at Time 1, a one-way analysis of
covariance (ANCOVA) was conducted to test for a mode of administration effect for
performance on Test MX at Time 2, while controlling for initial p&p scores. The
assumptions of normality, linearity, homogeneity of variances, homogeneity of
regression slopes and reliable measurement of the covariate were tested and satisfied.
Performance on the initial p&p test was a significant covariate, F(1, 682) = 2411.71, p =
.000, η² = .78. After adjusting for initial p&p scores there was a significant performance
difference between the two test groups at Time 2, F(1, 682) = 7.66, p = .006. In other
words, when initial p&p scores were partialled out applicants completing Test MX on
paper (adjusted mean = 18.31, SE = 0.13) obtained significantly higher scores than
applicants completing Test MX on computer (adjusted mean = 17.77, SE = 0.14).
However, the magnitude of the difference in means was small (η² = .011).

The difference in means at Time 2 between the p&p and computer-based administration
groups was also compared using the effect size calculated in terms of Rasulis et al.
(1996) and again in terms of Cortina and Nouri (1999). Based on Rasulis et al. (1996),
the square root of the mean square error (RMSE) was used as an estimate of the pooled
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standard deviation since this number allowed computation of the effect size for both
unadjusted means and the means adjusted for covariance. The difference in unadjusted
means was 1.89, which yielded an effect size of .76 (RMSE = 2.50). When the means
were adjusted for the covariate (initial p&p scores), the difference in corrected means
was .54 thus yielding a much smaller effect of .22. However, this effect is within
Cohen’s (1988) range of ‘small’ effects, which range from .10 to .25. Thus although
mode of administration accounted for some of the difference in examinee performance
on Test MX, the effect size was small after taking ability into account. However, the
observed difference in means of 0.54 points did reach the 0.50 points (i.e., 20 % of the
adjusted pooled standard deviation) needed for demonstrating practical significance
(Taylor et al., 1998).

The effect size of the mean difference was also calculated using a formula by Cortina
and Nouri (1999), which uses the covariate adjusted means and also the covariate
adjusted standard deviation. Based on Cortina and Nouri (1999), the difference in the
adjusted means also yielded an effect of .21. However, this effect is within Cohen’s
(1988) range of ‘small’ effects, which range from .10 to .25.

6.3.4.2 Test of Equality of Scale Variances
The equality of scale variances was tested using the t-test for equality of variances in
dependent samples (Kirk, 1984). Of primary interest was the within-group comparison
in the P-C group where differences in test score variance could be compared within
individuals under both administration conditions (Harrell et al., 1987). The results of the
dependent t-test indicated that the computerised and p&p scales did differ significantly
in the magnitude of their scale variance, t(332) = -2.04, p < .05. Scores on the
computerised test (σ² = 30.98) showed greater variability than test scores on the initial
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p&p test (σ² = 27.90). For the P-P group, however, score variability on the initial p&p
test (σ² = 26.01) did not differ second from the score variability of the second p&p test
(σ² = 25.91), t(349) = -0.08, p > .05.

Differences between group variances were analysed by computing independent F-tests
on scores obtained for the P-P and P-C groups on the first and second test
administrations (Kirk, 1984). For the first administration, when both groups were
administered the p&p test, there was no significant difference in variance of Test MX
scores, F(351, 334) = 1.07, p > .05. When comparing variability in scores on the second
examination, there was no significant difference in the variability of scores obtained on
the computer-based and p&p test, F(351, 334) = 1.20, p > .05. However, this divergence
in score variance did approach statistical significance (critical F = 1.22). Therefore, a
greater discrepancy in score variance was found when different formats were used to
administer Test MX.

6.3.4.3 Comparison of Scale Distributions
The distribution of scores obtained on the p&p and computerised versions of Test MX
were compared using test scores obtained at Time 2. Statistical differences between
these distributions were tested using the Kolmogorov-Smirnov test of no distribution
differences against a two-sided alternative (Chin et al., 1991). With regard to test mode,
score distributions on the p&p and computer-based versions of Test MX were unequal,
D = 1.89, p = .002.
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6.3.4.4 Rank Order of Scores by Test Group
Pearson correlations were derived to compare the similarity of the rankings of
examinees across administration modes (Honaker, 1988). The correlation between the
two p&p formats of Test MX was found to be .88, p < .001, Confidence Interval (CI):
.86 to .91. Similarly, the correlation between the p&p and computer-based procedure
was found to be .88, p < .001, CI: .86 to .90. The pattern of within-mode correlations for
the P-P formats was similar to the cross-mode correlations for the P-C formats,
indicating that the rank order of individuals was basically unchanged across modes.
This finding provides some evidence to suggest that the p&p and computer-based forms
are measuring similar traits (Hattrup et al., 1992; Neuman & Baydoun, 1998).

6.3.4.5 Summary of Findings for Psychometric Equivalence
For two test versions to be considered psychometrically equivalent they must produce
comparable means, dispersions, distribution and ranking of scores. As noted in Section
6.3.4.4, high between-mode correlations were obtained for participants who completed
both administration formats, indicating the rank order of individuals was basically
unchanged across modes (Neuman & Baydoun, 1998). However, subsequent analyses
indicated that the p&p and CBT versions were not equivalent. Specifically, test scores
on the p&p and CBT versions differed in terms of score distribution and dispersion.
Furthermore, mean differences of statistical and practical significant were found on the
computerised and p&p forms.

6.3.5 Examination of the Behavioural Equivalence of Test MX
A further aim of this study was to investigate whether examinees’ test-taking behaviour
differed as a function of administration mode. This aim was achieved by comparing
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indices of test speededness and item omit patterns across modes. Based on the
recommendations made by Schaeffer et al. (1993) and Goldberg (2000), the following
indices of test speededness were derived: (1) variance index of speededness, (2)
percentage of participants answering at least 75 % of the items, (3) items completed by
80 % of the participants, and (4) percentage of participants completing all items, and (5)
percentage completing the last item on Test MX. In addition, the relationship between
administration mode and response speed was explored by comparing the average
number of items solved across test groups. Cross-mode differences in item omit patterns
were explored by comparing the number of items omitted and not-reached from a
between-and-within group perspective. The effect of strategy differences on test
performance was explored by comparing the transformed proportion of correctly solved
items across groups.

It should be noted that the formula for calculating the variance index of speededness is
based on the assumption that examinees do not skip or omit test items (Gulliksen,
1987). Despite this assumption, previous equivalency research has used the variance
ratio as an index of test speededness when items are omitted (Goldberg, 2000; Schaeffer
et al., 1993). In following this trend, the variance ratio is used to provide one source of
speededness information for this study even though items were omitted on both the
conventional and computerised versions of Test MX. As a result, findings based on this
index should be interpreted with some degree of caution and should be considered in
reference to the other indices of test speededness.
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6.3.5.1 Variance Index of Speededness
The speededness ratio was calculated by dividing the not-reached variance (i.e., the
variance across examinees of the number of not-reached items) by the total score
variance. A ratio of .15 or greater is considered indicative of test speededness (Schaeffer
et al., 1993). On the first administration the speededness ratio of 0.54 for the P-P group
and 0.52 for the P-C group suggests that the p&p version of Test MX is speeded. The
ratio also suggests that examinees from both the P-P and P-C groups progressed through
the p&p test at a comparable speed. On the second administration, however, the
speededness ratio decreased to 0.14 for the P-P group and 0.29 for the P-C group.
Although both groups progressed through the second administration at a faster speed,
the smaller variance index for the P-P group relative to the P-C group provides some
evidence to suggest that the improvement or practice effect was greatest when the mode
of administration did not differ across time.

6.3.5.2 Proportion of Items Completed on Test MX by Test Group and
Administration Time: Between Group Perspective
Table 3 shows frequency information from cross-tabulations of test group by time for
the number of applicants completing 75 %, all items and the last item comprising Test
MX. Schaeffer et al. (1993) and Goldberg (2000) note that the American Educational
Testing Service (ETS) regard a test as speeded when fewer than 100 % of the examinees
reach 75 % of the test items and less than 100 % of the items are reached by 80 % of the
examinees. The results displayed in Table 3 show that fewer than 100 % of the
examinees reached 75 % of the test items at Times 1 and 2 irrespective of test group.
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Although a practice effect was evident, a greater percentage of examinees in the P-P
group completed 75 % of the test items at Time 2 relative to examinees in the P-C
group. Moreover, fewer than 100 % of the items were reached by 80 % of the
examinees in both the P-P and P-C groups at Times 1 and 2.

Table 3
Frequencies and Percentages of Participants Attempting 75 %, All Items and the Last
Item on Test MX by Test Group and Administration Time
Time 1a

Time 2b

P-P

P-C

P-P

P-C

Items attempted

n (%)

n (%)

n (%)

n (%)

75 %

209 (59.5)

185 (55.4)

331 (94.3)

297 (88.9)

All items

25 (7.1)

26 (7.8)

161 (45.9)

108 (32.3)

Last item

60 (17.2)

60 (18.0)

239 (68.1)

151 (45.2)

a

At Time 1, item-level data was missing for two participants in the P-P group.

b

At Time 2, item-level data was missing for two participants in the P-P group and one

participant in the P-C group.

When comparing completion rates at Time 2, however, a comparison of group
frequencies show that examinees progressed through the CBT at a slower rate than
those administered the conventional version of Test MX. Therefore, the computerised
test appears to be slightly more speeded than the conventional test. Accordingly, chisquare analyses were performed to statistically test whether examinees’ rate of
responding varied as a function of test group and administration time. Owing to the
number of analysis performed, an adjusted alpha level of .008 was used to decrease the
chance of making a Type I error (Jaccard & Becker, 1997).
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At Time 1 when the p&p version of Test MX was administered to both test groups, a
non-significant group effect was found in relation to the number of participants
completing 75 % of the test, χ²(1, N = 685) = 1.21, p = .271, all items comprising Test
MX, χ²(1, N = 685) = 0.11, p = .741, and the number of participants attempting the last
item on Test MX, χ²(1, N = 683) = 0.07, p = .791. Therefore, speed of responding and
mode of administration were independent at Time 1 when both groups received the p&p
version of Test MX. This finding suggests that the P-P and P-C groups progressed
through the p&p test at a similar speed at Time 1.

At Time 2, a non-significant group effect was found for those completing 75 % of the
test items at the adjusted alpha level, χ²(1, N = 685) = 6.49, p = .011. However, a
significant group effect was found in relation to the number of participants completing
all items comprising Test MX, χ²(1, N = 685) = 13.14, p = .000, and the last item on
Test MX, χ²(1, N = 685) = 36.55, p = .000. As shown in Table 3, the nature of the
relationship was such that participants in the P-P group were more likely than
participants in the P-C group to complete all items (45.9 % vs. 32.3 %) and the last item
(68.1 % vs. 45.2 %) comprising Test MX. The strength of each relationship as measured
by the fourfold point correlation coefficient was .14 and .23. The fourfold point
correlation coefficients of .14 translates into effect sizes of .02, which is lower than
Cohen’s (1988) operational definition of small (e = .05). The relationship between test
mode and test group with respect to the last item attempted yielded a fourfold point
correlation coefficients of .23, which is a small effect (e = .05) in terms of Cohen’s
(1988) generally accepted criteria. This reflects the fact that examinees in the P-P group
were more likely than examinees in the P-C group to attempt the last item comprising
Test MX. Given that the P-P group may have omitted more items than the P-C group
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before attempting the last item, Section 6.3.5.5 explores whether this mode effect stems
from cross-mode differences in item omit patterns rather than speededness per se. In the
next section, however, the relationship between administration mode and examinees’
test-taking behaviour is explored from a within group perspective.

6.3.5.3 Proportion of Items Completed on Test MX by Test Group and
Administration Time: Within Group Perspective
For both P-P and P-C groups a z-test for the difference between two correlated
proportions was used to compare differences in the percentage of examinees completing
75 %, all items and the last item on Test MX at Times 1 and 2 (Agresti & Finlay, 1997;
Lowry, 2002a). Overall, a similar pattern of results was found for the P-P and P-C
groups. For the P-P group, the results indicated that at Time 2 relative to Time 1, a
significantly greater percentage of applicants completed 75 % of the test items (z =
11.00, p = .000), attempted the last item (z = 13.34, p = .000), and solved all items on
Test MX (z = 11.66, p = .000). A similar pattern of results was found for the P-C group
with regard to the percentage of applicants completing 75 % (z = 10.40, p = .000), the
last item (z = 8.88, p = .000), and all items (z = 8.55, p = .000) comprising Test MX.
Although the magnitude of the z-test was greater for the P-P group the results indicated
that applicants in both test groups progressed through the second examination at a
quicker rate than the first examination.

6.3.5.4 Items Solved on Test MX by Test Group and Administration Time
To further examine the effect of test mode on examinees speed of responding, an
independent t-test was performed to compare the mean number of items solved at Time
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1 for the P-P (M = 21.68, SD = 3.86) and P-C group (M = 21.09, SD = 4.13). This test
was found to be statistically non-significant, t(683) = 1.91, p = .057, η.² =.005.

Given that no between group differences were found at Time 1, a one-way analysis of
variance (ANOVA) was performed on residual difference scores for the number of
items solved (Stevens, 1996). This analysis was performed to determine whether there
was a differential change in the number of items solved across time between the test
groups. Residual difference scores were calculated as the difference between obtained
and predicted scores at Time 2, derived from a linear regression of number-solved at
Time 1 on number-solved at Time 2. A negative residual score would suggest that an
examinee did not solve as many items on the second examination as predicted by their
performance on the initial p&p test. A positive residual difference score would suggest
that examinees solved more items on the second administration than predicted by their
performance on the initial p&p test (Stevens, 1996). In the present context, a
significantly higher or lower mean residual score for the P-C group relative to the P-P
group would be indicative of a mode of administration effect.

After the removal of two outliers the results from an ANOVA on the residual difference
scores indicated that the mean residual score for the P-P group (M = 0.17, SD = 1.91)
did not differ significantly from the P-C group (M = -0.10, SD = 2.41), F(1, 681) = 2.65,
p = .104, η² = .004. This finding suggests that examinees in both the P-P and P-C group
progressed through the second administration at a rate commensurate to that predicted
by their response rate at Time 1. A similar result was obtained when an ANOVA was
performed on gain scores calculated by subtracting Time 1 scores from Time 2 scores,
F(1,682) = 0.01, p = 909, η2

=

.00. Overall, the results in Sections 6.3.5.2 to 6.3.5.4
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suggest that examinees rate of responding was comparable across the conventional and
computerised versions of Test MX. However, in Section 6.3.5.2 between group
differences were found at Time 2 rather than Time 1 for the percentage of participants
completing the last item on Test MX. One potential explanation for this group effect is
that examinees administered the conventional test at Time 2 may have omitted more
items than those administered the computerised test, even though the two groups solved
a comparable number of items. To test for differential omit patterns the number of
omitted and not-reached items were compared across the conventional and
computerised administrations. In the present context, an omitted response implies that
the examinee read the item but did not provide an answer to the question. In contrast,
omits following the last answered item in the test is classified as not-reached. Therefore,
the latter responses can be distinguished by the fact that all not-reached items fall in a
block at the end of the test (Schaeffer et al., 1993).

6.3.5.5 A Between Group Comparison of Item Omit Patterns by Test Group and
Administration Time
Descriptive statistics for the number of items omitted and not-reached are presented
separately for the P-P and P-C groups in Table 4. As shown in Table 4, examinees in the
P-C group omitted noticeably fewer items at Time 2 than Time 1 relative to the P-P
group. As a result, the P-C group yielded a smaller decrement in the number of items
not-reached relative to the P-P group across time.
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Table 4
Descriptive Statistics for the Number of Items Omitted and Not-Reached on Test MX by
Test Group and Administration Time
Time 1
Group
P-P a

Time 2

M

Mdn

SD

M

Mdn

SD

Omitted

1.99

1.00

2.25

1.32

0.00

1.94

Not

4.35

3.00

3.76

0.98

0.00

1.89

Omitted

2.38

2.00

2.75

0.87

0.00

1.49

Not

4.52

4.00

3.79

2.07

1.00

2.98

reached
P-C b

reached
a

Due to missing item-level data n ranged from 349 to 351 for the P-P group.

b

Due to missing item-level data n ranged from 333 to 334 for the P-C group.

Due to violations of the normality assumption the Wilcoxon rank sum test was used to
compare the P-P and P-C groups on the number of items omitted and not-reached at
Times 1 and 2. Owing to the number of analysis performed an adjusted alpha of .013
was used to control Type I error rate (Jaccard & Becker, 1997). At Time 1, the mean
ranks for both test groups were similar for the number of items omitted, N = 683, z = 1.40, p = .162, and not-reached, N =683, z = -0.55, p = .583.

At Time 2 significant cross-mode differences were found for the number of items
omitted, N = 682, z = -2.81, p = .005, and not-reached, N = 682, z = -6.02, p = .000. An
inspection of the mean ranks showed that the P-P group (mean rank of 360.16) omitted
significantly more items than the P-C group (mean rank of 321.95). The Glass rank
biserial correlation coefficient was .11. Moreover, the P-C group (mean rank of 383.39)

129

yielded a greater number of not-reached items relative to the P-P group (mean rank of
301.53). The strength of the relationship as indexed by the Glass rank biserial
correlation was -.24. Although the effects were small, these results provide some
evidence that examinees completing Test MX on computer skipped fewer items than
those completing the conventional version. As a result, examinees completing the
computerised version of Test MX yielded a greater number of not-reached items than
those completing the p&p test at Time 2.

6.3.5.6 A Within Group Comparison of Item Omit Patterns by Test Group and
Administration Time
Due to violations of the normality assumption a Wilcoxon matched-pairs signed rank
test was used to compare within group differences in test-taking behaviour across
administration time. Specifically, the Wilcoxon signed rank test was used to compare
the number of items omitted and not-reached at Time 2 versus Time 1 for both the P-P
and P-C group. For the P-P group, the rank sum of the number of items not-reached at
Time 2 versus Time 1 was found to be significantly different, n = 348, T = 434.00, z = 14.19, p = .000. The rank sum of the positive difference (Rp = 434.00) was significantly
smaller than the rank sum of the negative difference (Rn = 38626.00), suggesting that
examinees reached more items on the second administration (i.e., fewer not-reached)
than the first. The strength of the relationship as indexed by the matched-pairs rank
biserial correlation coefficient was .63. For the P-P group, the rank sums for the number
of items omitted at Time 2 versus Time 1 was also found to be significantly different, n
= 348, T = 18902.50, z = -5.17, p = .000. However, the strength of the relationship as
indexed by the matched-pairs rank biserial correlation coefficient of .17, indicated a
small effect. The rank sum of the positive difference (Rp = 8358.50) was significantly
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smaller than the rank sum of the negative difference (Rn = 18902.50), suggesting that
examinees in the P-P group omitted significantly fewer items on the second
administration than the first administration.

For the P-C group, the rank sums for the number of items not-reached at Time 2 versus
Time 1 was also found to be significantly different, n = 333, T = 2560.50, z = -11.50, p
= .000. The rank sum of the positive difference (Rp = 2560.50) was significantly smaller
than the rank sum of the negative difference (Rn = 28814.50) suggesting that examinees
reached more items on the second administration (i.e., fewer not-reached) than the first
administration. The strength of the relationship as indexed by the matched-pairs rank
biserial correlation coefficient was .47. The rank sums of the number of items omitted at
Time 2 versus Time 1 was also found to be significantly different, n = 333, T = 2042.50,
z = -11.17, p = .000. The rank sum of the positive difference (Rp = 2042.50) was
significantly larger than the rank sum of the negative difference (Rn = 24063.50).
Therefore examinees in the P-C group omitted significantly fewer items on the second
administration than the first. The strength of the relationship as indexed by the matchedpairs rank biserial correlation coefficient was .40.

The examination of item omit patterns indicate that examinees in both the P-P and P-C
groups omitted fewer items at Time 2 than Time 1, irrespective of test mode. However,
a noteworthy difference between the P-P and P-C group concerned the magnitude of the
matched-pairs rank biserial correlation coefficient. A moderate association was found
between item omits and test mode (.40) for the PC group, while a small association was
found for the P-P group (.17). Therefore, administration mode explains a greater
proportion of variance in item omit patterns for the P-C group (16.0 %) than the P-P
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group (2.9 %). The opposite was found for not-reached items. The strength of the
relationship between not-reached items and test mode as indexed by the matched-pairs
rank biserial correlation coefficient was .47 for the P-C group and .63 for the P-P group.
Therefore, administration mode explains a greater proportion of variance with respect to
items not-reached for the P-P group (39.7 %) than the P-C group (22.1 %). This pattern
of results provides some evidence to suggest that examinees test-taking strategy varied
as a function of test administration mode.

6.3.5.7 Effect of Administration Mode on Speed and Accuracy of Responding
To explore the effect of administration mode on examinees’ speed and accuracy of
responding, the proportion of items answered correctly was calculated by dividing the
number of correct responses by the number of items solved. In order to satisfy the
homogeneity of variance assumption, the data were transformed using: arcsine (sqrt
[prop]) where “prop” refers to the proportion of correctly solved items (J. Cohen & P.
Cohen, 1983). Table 5 presents means and standard deviations for the transformed
proportion of correctly solved items on Test MX as a function of test group and
administration time.

Although both groups showed a decrement in performance across time the mean
transformed proportion correct for the P-P group was higher than the P-C group at
Times 1 and 2. Therefore, to test for a between group effect on the initial administration
an independent t-test was performed on the transformed proportion of correctly solved
items at Time 1. The result of the independent t-test indicated that the mean score for
the P-P group (M = 1.10, SD = 0.22) differed significantly from the P-C group (M =
1.04, SD = 0.23), t(683) = 3.62, p = .000, η² = .02.
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Table 5
Means and Standard Deviations for the Transformed Proportion of Correctly Solved
Items on Test MX by Test Group and Administration Time
Group

Time 1

Time 2

n

M

SD

M

SD

P-P

351

1.10

0.22

1.06

0.21

P-C

334

1.04

0.23

0.99

0.22

As a result, an ANCOVA was used to compare between group differences (P-P vs. P-C)
on the average transformed proportion correct on the second examination of Test MX,
after adjusting for initial p&p test scores. The assumptions of normality, linearity,
homogeneity of variances, homogeneity of regression slopes, and reliable measurement
of the covariate were tested and satisfied. The transformed proportion of correctly
solved items on the initial p&p test was a significant covariate, F(1, 682) = 1460.45, p =
.000, η² = .68. When controlling for p&p scores, participants completing Test MX on
paper (adjusted mean = 1.03, SE = 0.01) obtained similar scores to those completing
Test MX on computer (adjusted mean = 1.01, SE = 0.01). Thus a non-significant effect
was found for test group, F(1, 682) = 3.49, p = .062, η² = .005. This result suggests that
administration mode did not affect examinees accuracy of responding on Test MX.

6.3.5.8 Summary of General Findings Concerning Test-Level Differences in Testtaking Strategy by Test Mode
Taken together, the results presented in Section 6.3.5 provide some evidence that
participants employed different test-taking strategies on the computerised version of
Test MX relative to the conventional version. Specifically, the number of omitted items
varied as a function of test mode with the p&p version yielding a higher omit rate,
operationalised in terms of the number of items skipped and not-reached, than the
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computerised test version. However, this strategy shift did not induce cross-mode
differences in examinees’ accuracy of responding, operationalised in terms of
transformed proportion correct.

6.3.6 Examination of the Experiential Equivalence of Test MX
A further aim of this study was to examine the experiential equivalence of Test MX. To
this end, the ATCAS was used to explore whether a qualitatively different testing
experience was created when completing Test MX on computer relative to paper. This
set of analyses was limited to the P-C group where conventional and computerised test
environments could be compared. Two hundred and twenty three of the 334 participants
assigned to the P-C test condition completed the ATCAS. Scores on the ATCAS and
both its CBT-Confidence and Ease of Use sub-scales were inspected for univariate
outliers, while normality of the variables was demonstrated by statistical and graphical
methods. Owing to the number of correlations performed, a Bonferonni adjusted alpha
level was used to control the Type I error rate when assessing the significance of the
reported correlations (Jaccard & Becker, 1997).

6.3.6.1 A Comparison of Examinees Attitudes Towards the Conventional Versus
Computer-Based Version of Test MX
Initially, a z-test for the difference between two independent proportions was used to
determine whether a significantly greater proportion of examinees expressed more
favourable attitudes towards the computerised test relative to the p&p test. Seven items
from the ATCAS that compare examinees attitudes towards various aspects of the CBT
environment relative to the conventional test environment were used for this analysis.
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For the purpose of the z-test, the proportion of examinees endorsing ‘strongly agree’ or
‘agree’ on each items were combined, while the proportion of examinees endorsing
‘strongly disagree or ‘disagree’ were also combined. The percentage of participants
selecting agree (i.e., ‘agree’ or ‘strongly agree’) or disagree (i.e., ‘strongly disagree’ or
‘disagree’) and the results of the z-test appear in Table 6. The values obtained for each
z-test were generated using statistical software developed by Lowry (2002b).

Table 6
Proportion of Test MX Examinees Selecting Agree and Disagree Response on the
ATCAS
Agree

Disagree

n

n

(%)

(%)

13

191

(5.8)

(85.7)

25

164

(11.3)

(73.9)

30

150

(13.6)

(67.9)

21

193

on the computer than paper.

(9.4)

(86.6)

Answer questions on computer easier

146

32

(67.9)

(14.9)

69

107

(31.1)

(48.2)

155

33

(69.8)

(14.9)

Items

More nervous on computer than paper.

More anxious on computer than paper.

More comfortable completing the test
on paper than computer.
More difficult reading item/question

than separate question sheet.
Easier to check my responses on
p&p test rather than computer.
Prefer to take a computer rather than
p&p test in the future.

z

16.92

13.34

11.62

16.30

-11.16

3.69

-11.72

Note. All z-tests significant at p < .001.

The results indicated that all z-tests were significant at p<.001. As shown in Table 6, of
the participants completing both the p&p and computerised test, a significantly smaller
proportion of test-takers indicated feeling more nervous and anxious when completing
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the test on computer than on paper, while a significantly smaller proportion of
examinees felt more comfortable completing the test on paper than computer. Likewise,
a significantly greater proportion of test-takers found it easier to respond to items and
check answers on the computerised rather than conventional test. In light of these
differences, a significantly greater proportion of examinees noted that if given a choice
they would prefer to take the test on computer than paper in the future.

Together, these findings suggest that examinees’ emotional and attitudinal reactions
towards the test-taking experience differed as a result of the varying test formats.
Therefore, a qualitatively different testing experience was created when completing Test
MX on paper relative to computer. This finding suggests that the conventional and
computerised versions of Test MX were not experientially equivalent. Section 6.3.6.2
examines the effect of these experiential differences on test performance.

6.3.6.2 Relationship of Attitudes Towards Computer-Based Testing to Performance
for the P-C Sample
Pearson correlations were derived to explore the relationship between performance on
Test MX and experiential aspects of the CBT experience. The primary purpose of this
analysis was to examine whether examinees’ attitudes towards the test-taking
experience differentially affected performance on the p&p and computerised version of
Test MX. Scale means, standard deviations and correlations between number-correct on
Test MX and scores on the ATCAS and its sub-scales are presented in Table 7 for the PC group.
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Table 7 shows that examinees’ general attitude towards the test-taking experience, as
measured by the ATCAS-Total, was unrelated to performance on both the p&p and
computerised versions of Test MX at the adjusted alpha level of .008. Moreover,
performance on the CBT was unrelated to ease of using the CBT. A small negative
association was found between examinees’ scores on the CBT and confidence in taking
the computerised test.

Table 7
Correlation Coefficients Between Scores on Test MX and the ATCAS (and its Subscales) for the P- C group
Variables

M

1

2

3

4

(SD)
1. Paper Score

15.01

_

(5.35)
2. Computer Score

17.04

.90*

_

-.08

-.13

_

-.17

-.19*

.50*

_

-.11

-.15

.94*

.75*

(5.74)
3. Ease of use

1.90
(0.63)

4. CBT-Confidence

1.38
(0.48)

5. ATCAS – Total

1.71
(0.53)

Note. Due to univariate outliers and missing values, n ranged from 218 to 223.
*p<.008

However, there was not a statistically significant difference in the strength of the
relationship between scores obtained on CBT-confidence and scores obtained on the
computerised and conventional version of Test MX, t(216) = 0.82, p >.05. Therefore,
examinees’ reactions towards the computerised test experience did not differentially
affect performance on the conventional versus computerised versions of Test MX.
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To investigate the possibility that specific aspects of the computerised test experience
might be associated with test performance, the 13 items comprising the ATCAS were
correlated with performance on the conventional and computerised versions of Test
MX. Descriptive statistics for responses on the ATCAS scale items and Spearman
correlations between ATCAS items and performance are presented in Table 8.

Table 8
Descriptive Statistics and Spearman Correlation Coefficients Between Scores on Test MX
and Items Comprising the ATCAS
Items
1. More nervous on computer than paper.

M
(SD)
1.59

Paper
score
-.04

Computer
score
-.10

-.02

-.10

-.10

-.12

-.04

-.10

-.12

-.15

-.10

-.12

-.19

-.20

-.14

-.13

-.10

-.13

-.09

-.13

.14

.15

-.04

-.07

(0.93)
2. Test instructions on the computer were difficult to
understand.
3. Helpful if given more practice time on the computer
before starting the test.
4. More difficult reading item/questions on the
computer than paper.
5. Answering questions on the computer easier than a
separate response sheet.
6.More anxious on computer than paper.

1.26
(0.62)
1.68
(0.97)
1.58
(1.00)
2.13
(1.27)
1.89
(1.19)

7. Concern about computer experience interfered with
performance on the CBT.
8. I would prefer to take a computer than paper test in
the future.
9. Computerised tests require too much experience with
computers.
10. I wish computerised tests did not bother me so
much.
12. It was easier to check my responses on the p&p test
rather than the computer test.
13. I felt more comfortable completing the test on paper
than computer.

1.34
(0.73)
2.08
(1.25)
1.34
(0.71)
1.45
(0.83)
2.64
(1.40)
2.08
(1.16)

Note. Appendix A contains the original copy of the ATCAS scale. Due to missing values on some
measures, n ranged from 215 to 223.
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Due to violations of the normality assumption, Spearman correlations were derived to
examine the strength of the relationship between examinees’ attitudes towards various
aspects of the test-taking experience and test performance (Jaccard & Becker, 1997).
Overall, none of the items comprising the ATCAS were significantly related to
performance on either the conventional or computer-based versions of Test MX at the
adjusted alpha level of .002. As a result, there is little evidence of a relationship between
CBT performance and examinees’ general perceptions about the mode of test delivery
as measured by the ATCAS. Hence, examinees’ performance on Test MX was not
differentially affected by examinees’ attitudes towards the test-taking experience.

Overall, the results reported in Section 6.3.6 suggest that examinees attitudes towards
the test-taking experience did not represent a pertinent source of irrelevant variance in
scores obtained on the computerised version of Test MX (Stricker & Wilder, 2001).

6.3.7 Examination of the Relativity of Equivalence of Test MX
A further aim of this study was to examine the effect of several individual difference
variables (state anxiety, trait anxiety, test anxiety, computer thoughts, computer anxiety,
computer experience, perceived computer proficiency) on the comparability of scores
obtained on the p&p versus computer-based version of Test MX. Initially, correlational
analyses were performed to examine whether scores from the two administration
formats covaried with the individual difference variables of interest. Of primary interest,
from a within-group perspective, are the correlations obtained for the P-C group where
the relationship between administration mode and the selected individual difference
variables can be compared. Correlational patterns for the P-P group were included for
comparative purposes to determine whether the pattern of correlations obtained for the
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P-C group differed from the P-P group across time. From a between-group perspective,
significant discrepancies in the pattern of correlations obtained at Time 2 relative to
Time 1 would prove indicative of a mode of administration effect. Owing to the number
of correlations performed, the Bonferroni adjustment was used to control the
experimentwise error rate when assessing the significance of the correlations between
the individual difference variables and performance (Jaccard & Becker, 1997).

Hierarchical regression analysis was also used to assess the interactive effects of each
individual difference variable and test mode on Test MX performance (Powers, 1999;
Vispoel et al., 1994). In accordance with recommendations by Friedrich (1982), all of
the variables were standardised before they were entered into the regression models. As
a result, the interaction term for each regression analysis was derived by first
standardising scores and then multiplying the test mode and individual difference
variables. Time 2 scores were then regressed on initial p&p scores, selected individual
difference variables and the mode in which the test was administered (i.e., paper vs.
computer). Next, an interaction term between the individual difference variable and test
mode was added to the regression equation to determine whether the relationship
between the individual difference variables and performance on Test MX differed
according to test mode. Based on Pedhazur (1997), a more liberal alpha level (α =.10)
was adopted for the interaction terms than the main effects(α =.05). In the present
context, the interactions between various individual difference variables and test group
(paper second vs. computer second) were of primary interest.

It is important to note that performance on the initial p&p test accounted for 79.50 %
(R2 = .795, Adjusted R2 = 795) of the variance in test scores obtained at Time 2. An
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alternative analysis that does not have this characteristic involves the use of
standardised residual difference scores as the dependent variable. Thus, to demonstrate
the robustness of the initial findings, a similar set of regression analyses was undertaken
using standardised residual difference scores as the dependent variable (Stevens, 1996).
Residual difference scores were calculated by first regressing Time 2 scores on initial
p&p test scores. Residual difference scores were then calculated as the difference
between the examinees’ predicted Time 2 score (derived from a linear regression of
Time 2 scores on initial p&p scores) and the examinees’ actual score at Time 2. These
residual difference scores were standardised. A negative residual difference score would
suggest that the examinee did not perform as well on the second administration as their
p&p score would predict. Hierarchical regression analysis was used to assess the
interactive effects of each individual difference variable and test mode using residual
difference scores as the dependent variable. Again the individual difference and test
mode variables were first standardised and then multiplied (Friedrich, 1982), while a
more liberal alpha level (α = .10) was adopted for the interaction terms than the main
effects (α = .05) (Pedhazur, 1997). (Note: Comparable results were obtained when
unstandardised scores were used in the regression model).

6.3.7.1 Preliminary Analysis: Testing Assumptions
Prior to analyses the scores obtained on individual difference variables were examined
for outliers using a number of graphical methods (i.e., Box plots, stem-and-leaf plots,
detrended normal probability plots) and the inspection of z-scores. The variables were
examined separately for the P-P and P-C groups and all univariate outliers were
removed. Normality assumptions were also assessed by statistical and graphical
methods (Tabachnick & Fidell, 2001). For both the P-P and P-C groups, Physiological
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Symptoms as measured by the SACS, and Bodily Symptoms as measures by the RTA
were found to have nonnormal skewness and kurtosis. Consequently, distribution free or
nonparametric tests were used to examine the relation of these individual difference
variables with scores obtained on Test MX.

The assumptions were met for each separate hierarchical multiple regression analysis.
Specifically, the ratio of cases to independent variables was acceptable satisfying the
minimal requirement of five times more cases than independent variables. The
assumptions regarding normality, linearity, homoscedasticity and independence of
residuals, and the assumptions of multicollinearity and singularity were satisfied.
Mahalanobis distance criterion was used to detect and remove a number of multivariate
outliers from the regression analyses (Tabachnick & Fidell, 2001).

6.3.7.2 Examining the Relationship Between Performance on Test MX and Trait,
State and Test Anxiety
Initially, correlations were computed to determine whether the relationship between
scores obtained on Test MX and measures of test anxiety (and its components), state
anxiety and trait anxiety differed as a function of test mode. Scale means, standard
deviations and correlations between number-correct on Test MX and the selected
individual difference variables are reported in Table 9.

Of primary interest with respect to relativity of equivalence is the pattern of correlations
obtained for the P-C group. Table 9 shows that for the P-C group, scores on both the
p&p and CBT versions were unrelated to both trait anxiety and state anxiety at the
adjusted alpha level of .003. Moreover, the correlations between performance on the
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p&p and computerised versions of Test MX were unrelated to the test anxiety
components of worry, irrelevant thinking and tension.

Table 9
Descriptive Statistics and Correlations Among Measures of Test, State and Trait
Anxiety and Performance on Test MX by Administration Time and Test Group
P-Pa

P-Cb

M

M

(SD)

(SD)

1. Correct

16.54

14.96

Time 1

(5.00)

(5.39)

2. Correct

18.85

17.10

Time 2

(5.12)

(5.82)

3. RTA-

1.59

1.60

Worry

(0.43)

(0.47)

4. RTA-

1.37

1.37

Irrelevant

(0.44)

(0.42)

5. RTA

1.91

1.88

Tension

(0.57)

(0.63)

6. State

2.01

2.02

Anxiety

(0.53)

(0.53)

7. Trait

1.51

1.49

Anxiety

(0.37)

(0.35)

Variables

1

2

3

4

5

6

7

_

.88*

-.15

.05

-.12

-.07

-.04

.90*

_

-.21*

-.02

-.16

-.15

-.09

-.17

-.17

_

.50*

.66*

.41*

.55*

.07

.02

.44*

_

.25*

.18

.35*

-.09

-.11

.61*

.29*

_

.57*

.50*

-.04

-.07

.49*

.20

.54*

_

.47*

-.05

-.10

.42*

.23*

.36*

.47*

_

Thinking

Note. Correlations above the diagonal are for P-P test-takers; correlations below the diagonal are
for P-C test-takers.
a

Due to univariate outliers and missing values on some measures n ranged from 212 to 220 for

the P-P test-takers.
b

Due to univariate outliers and missing values on some measures n ranged from 194 to 198 for

the P-C test-takers.
* p < .003

Because the distributions for the Bodily Symptoms sub-scales of the RTA were nonnormal for the P-P and P-C groups, Spearman rank order correlations were derived to
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assess the relationship among the ranked scores on Test MX (i.e., number-correct) and
bodily symptoms. The relationship between bodily symptoms and number-correct at
Time 1 was non-significant for both the P-P, rs(219) = -.11, p = .105, and P-C groups,
rs(198) = -.01, p = .852. A similar pattern of results was found at Time 2. Bodily
symptoms were unrelated to test scores obtained on the conventional, rs(219) = -.11, p =
.116, and CBT, rs(198) = -.05, p = .530, for both the P-P and P-C group.

Overall, when comparisons of the correlation coefficients were made between the P-P
and P-C groups, broadly similar patterns of correlations are seen across time. As shown
in Table 9, for the P-P group relative to the P-C group, a low but significant correlation
was found between test anxiety worry and Time 2 performance. However, when testing
the difference between these two independent correlations (Howell, 2001), the
relationship between test anxiety worry and Time 2 performance was the same for the
P-P and P-C groups (z = -0.43, p = .667). Since the relationship between these
individual differences and scores on Test MX was the same for the computerised test as
for the p&p test, this finding suggests that these variables did not affect the equivalency
of the two administration procedures. To this end, neither test anxiety nor state and trait
anxiety affected computerised-conventional equivalency.

6.3.7.3 Interaction of Test Mode with Test Anxiety, Trait Anxiety and State
Anxiety
Separate hierarchical regression analyses were performed to assess the interactive
effects of test anxiety with test mode. Specifically, hierarchical regression analyses were
undertaken to examine the interaction between test mode and the cognitive (i.e., worry,
irrelevant thinking) and affective components (i.e., tension) of test anxiety. The results
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of all three analyses indicated that none of the interaction terms were significant and
none accounted for a significant proportion of the variance in test performance.

When examining the interaction of test anxiety worry with test mode, three multivariate
outliers were found and removed from the analysis based on p < .001 criterion for
Mahalanobis distance (Tabachnick & Fidell, 2001). Results indicated that the
interaction effect was non-significant, β = 0.02, t(406) = .81, p = .416, sr² = .00, and
accounted for none of the variance in test scores (∆R² = .00, FChange [1, 406] = 0.66, p =
.416). Likewise, after the deletion of ten multivariate outliers there was no indication
that irrelevant thoughts interacted with test mode to predict Time 2 performance, β =
0.00, t(398) = 0.29, p = .775, sr² = .00. No significant improvement in model fit was
evident when including the interaction of irrelevant thinking with test mode (∆
∆R² = 0.00,
FChange [1, 398] = 0.08, p = .775). Likewise, after the deletion of nine multivariate
outliers a non-significant interaction was found between test anxiety tension and test
mode, β = -0.01, t(402) = -0.21, p = .835, sr² = .00. The test anxiety tension by test
mode interaction accounted for none of the variance in test scores (∆
∆R² = .00, FChange [1,
402] = 0.04, p = .835). Taken together, these findings suggest that the relationship
between test performance and both the cognitive and affective components of test
anxiety did not vary as a function of test mode.

Appendix C presents the results of identical analyses performed to investigate the
interaction of test mode with state anxiety (Appendix C, Table 53) and trait anxiety
(Appendix C, Table 54). These results indicated that the interaction terms were nonsignificant and accounted for none of the variance in test scores suggesting that the
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relationship between test performance and the individual difference variables of state
and trait anxiety did not vary as a function of test mode.

In light of Spielberger’s (1966a) state-trait theory outlined in Section 3.4, hierarchical
regression analysis was used to investigate whether trait anxiety might interact with
state anxiety with respect to its association with test performance. In the present context,
the three-way interaction was entered to determine whether the individual difference
variables under study interacted with one another and with the method of presentation to
account for additional variation in test scores. The three-way interaction between trait
anxiety, state anxiety and test mode was not significant when all independent variables
were included in the regression model, β = 0.03, t(383) = 1.06, p = .289. Therefore, the
addition of the three-way interaction to the equation with the two-way interactions and
main effects did not significantly improve R², FChange (1, 383) = 1.13, p = .289,
indicating that the relationship between test performance, trait anxiety and state anxiety
did not vary across administration conditions.

To demonstrate the robustness of these findings, regression analyses were repeated
using standardised residual difference scores as the dependent variable. Similar results
were obtained when standardised residual difference scores were regressed on the same
individual difference variables, mode in which the test was administered, and the
interaction between mode of test administration and the individual difference variables
of test anxiety worry (Appendix C, Table 55) irrelevant thinking (Appendix C, Table
56), tension (Appendix C, Table 57) and both state anxiety (Appendix C, Table 58) and
trait anxiety (Appendix C, Table 59). The results indicated that none of the interactions

146

between test mode and the individual difference variables was significant and none
accounted for a significant amount of variance in Test MX scores.

6.3.7.4 Examining the Relationship Between Performance on Test MX and
Computer Thoughts
Correlations among Test MX scores and measures of debilitative computer related
thoughts were derived to determine whether scores from the p&p and computerised
versions covaried differently with these individual difference variables. Scale means,
standard deviations and correlations among measures of debilitative computer thoughts
and number-correct on Test MX by time are reported separately for the P-P and P-C
groups in Table 10. A Bonferonni adjusted alpha level of .003 was adopted to control
the Type I error rate when assessing the significance of the correlations between the
individual difference variables and performance (Jaccard & Becker, 1997).

For both the P-C and P-P groups, correlations between scores obtained on Test MX and
self-reported worry and distractibility cognitions, as measured by the SACS, were nonsignificant. This result suggests that the equivalency of scores obtained on the p&p and
the computer-based version did not vary as a function of the test-taker’s tendency to
experience worry cognitions or wandering attention when interacting with computers.
For the P-P group, performance on Test MX was not significantly correlated with
intrusive computer thoughts as measured by the SCS-Total and its Fear and Control
sub-scales as shown in Table 10.
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Table 10
Means, Standard Deviations and Correlations Among Measures of Negative Computer
Cognitions and Performance on Test MX by Test Group and Administration Time
P-Pa

P-Cb

M

M

(SD)

(SD)

1. Correct

16.54

14.96

Time 1

(5.00)

(5.39)

2. Correct

18.85

17.10

Time 2

(5.12)

(5.82)

2.42

2.52

(0.96)

(0.98)

1.39

1.34

(0.38)

(0.31)

1.93

1.94

(0.61)

(0.57)

1.21

1.22

(0.26)

(0.29)

1.38

1.38

Variables

3. SCS
Control
4. SCS
Fear
5. SCS
Total
6. SACS
Worry
7. SACS

Distract- (0.41)

1

2

3

4

5

6

7

_

.88*

-.09

-.02

-.10

-.06

.06

.90*

_

-.10

-.01

-.11

-.09

.02

- .20

-.26*

_

.32*

.91*

.37*

.30*

-.10

-.14

.29*

_

.61*

.46*

.35*

-.23*

-.29*

.95*

.54*

_

.46*

.39*

.01

-.05

.26*

.46*

.38*

_

.43*

.07

-.01

.24*

.30*

.29*

.39*

_

(0.39)

ibility
Notes. SCS: Sense of Control Scale; SACS: State Anxiety in Computing Situations.
Correlations above the diagonal are for P-P test-takers; correlations below the diagonal
are for P-C test-takers.
a

Due to univariate outliers and missing values on some measures n ranged from 210 to

220 for the P-P test-takers.
b

Due to univariate outliers and missing values on some measures n ranged from 189 to

198 for the P-C test-takers.
* p < .003
For the P-C group, however, a significant and negative association was found between
CBT scores and negative self-talk about one’s ability to master computers. A stronger
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association was found when Test MX was administered on computer, r(194) = -.26, p =
.000, than paper, r(194) = -.20, p = .005. Therefore, negative thoughts about mastering
the computer were associated with lower scores on the computerised test. Likewise, a
significant negative correlation was found between CBT scores and SCS-Total scores,
such that poorer performance on the CBT was related to intrusive self-debilitative
thoughts about using computers, r(194) = -.29, p = .000. It is important to note,
however, that for the P-C group a significant negative associations also emerged
between p&p performance (Time 1) and self-deprecatory thoughts as measured by the
SCS-Total, r(194) = -.23, p = .001. Moreover, the association between p&p
performance and SCS-Control approached significance at the adjusted alpha level,
r(194) = -.20, p = .005. When the patterns of correlations were compared across the
p&p and CBT administrations using the t-test for nonindependent correlations (Howell,
2001), no significant differences were found for the SCS-Total, t(191) = -1.72, p > .05,
or SCS-Control t(191) = -1.84, p > .05. Since the relationship between computer
thoughts and performance on Test MX were at least as strong for the CBT as for the
p&p test, this finding suggests that computer thoughts did not affect the equivalency of
the two administration procedures.

6.3.7.5 Interaction of Test Mode with Computer Thoughts
To examine the possible interaction of computer thoughts with test mode, Time 2
scores were first regressed on initial p&p scores, frequency of computer thoughts as
measured by the SCS-Total, test mode and the interaction between computer thoughts
and mode of test administration. Similar analyses were conducted to examine the
possible interaction of test mode with control cognitions and fear cognitions as
measured by the SCS, and both worry and distractibility cognitions as measured by the
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SACS. After the deletion of five multivariate outliers a significant interaction was found
for negative self-deprecatory thoughts as measured by the SCS and test mode, β = -0.04,
t(403) = -1.97, p = .050, sr² = .00. A significant improvement in model fit was evident
when including the interaction between computer thoughts and test mode (∆R² = .001,
FChange [1, 403] = 3.88, p = .050). Moreover, the regression model was significantly
different from zero when all independent variables were included in the equation, R =
.80, F(4, 403) = 398.55, p =.000. This significant interaction suggests that the
relationship between computer thoughts and performance on Test MX depends on mode
of test administration. However, the additional variance explained by adding the
computer thoughts by test mode interaction accounted for less than half of 1% of the
variance in test scores. Due to the large sample size the regression analyses performed
did have considerable statistical power to detect associations that were small in
magnitude (Stevens, 1996). Overall, there does not appear to be compelling evidence to
suggest that computer thoughts as measured by the SCS-Total differentially affected
performance on the conventional versus CBT.

Identical, albeit separate analyses were undertaken to examine the possible interaction
of test mode with both control and fear cognitions as measured by the sub-scales of the
SCS. The interaction of control cognitions with test mode was non-significant, β = 0.04,
t(408) = 1.59, p = .113, sr² = .00, and accounted effectively for none of the variability in
Time 2 scores (∆
∆R² = .00, FChange [1, 408] = 2.52, p = .113). Likewise, a non-significant
interaction was found for fear cognitions and test mode after the removal of eight
multivariate outliers, β = -0.04, t(400) = -1.41, p = .159, sr² = .00. Moreover, no
improvement in model fit was evident by adding the interaction term to the regression
analysis (∆
∆R² = .00, FChange [1, 400] = 1.99, p = .159).
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As shown in Appendix C, similar results were obtained when examining the interaction
of test mode with both computer worry cognitions (Appendix C, Table 60) and
distractibility (Appendix C, Table 61) cognitions as measured by the SACS. Overall,
this evidence suggests that the relationship between debilitative computer specific
thoughts and test performance did not vary as a function of test mode. Hence, intrusive,
computer-specific thoughts did not influence CBT performance or cross-mode
equivalence.

The regression analyses were repeated using standardised residual difference scores as
the dependent variable. As shown in Appendix C, none of the interaction effects were
significant when standardised residual difference scores were regressed on the same
individual difference variables, mode in which the test was administered, and the
interaction between mode of test administration and computer thoughts (Appendix C,
Table 62), control cognitions (Appendix C, Table 63), fear cognitions (Appendix C,
Table 64), state computer anxiety worry (Appendix C, Table 65), and distractibility
(Appendix C, Table 66). These findings again suggest that computer-specific thoughts
did not affect computerised-conventional equivalency.

6.3.7.6 Examining the Relationship Between Performance on Test MX and
Computer Anxiety and Computer Experience
Correlations were derived to assess whether the relationship between scores obtained on
Test MX and computer anxiety and computer experience differed as a function of test
mode. Descriptive statistics and correlations between these selected individual
difference variables and number-correct on Test MX are reported separately for the P-P
and P-C groups in Table 11.
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Table 11
Means, Standard Deviations and Correlations Among Measures of Computer Anxiety,
Computer Experience and Performance on Test MX by Test Group and Administration
Time
P-Pa

P-Cb

M

M

(SD)

(SD)

1. Correct

16.54

14.96

Time 1

(5.00)

(5.39)

2. Correct

18.85

17.10

Time 2

(5.12)

(5.82)

1.67

1.68

(0.66)

(0.59)

0.72

0.71

(0.41)

(0.42)

1.59

1.47

(0.83)

(0.81)

Variables

3. CAS
Anxiety
4. Frequency
of Use
5. Perceived
Computer

1

2

3

4

5

_

.88*

-.18

.02

.06

.90*

_

-.20*

.06

.09

-.17

-.23*

_

-.31*

-.41*

.16

.15

-.34*

_

.85*

.21*

.21*

-.40*

.86*

_

Proficiency
Note. Correlations above the diagonal are for P-P group; correlations below are for the P-C
group.
a

Due to univariate outliers and missing values on some measures n ranged from 210 to 220 for

the P-P test-takers
b

Due to univariate outliers and missing values on some measures n ranged from 196 to 198 for

the P-C test-takers.
* p < .004

For both the P-P and P-C group, frequency of use was unrelated to performance on Test
MX across time at an adjusted alpha level of .004. Likewise, for the P-P group
perceived computer proficiency was unrelated to performance on the conventional
version of Test MX at Times 1 and 2. For the P-C group, however, a small and
significant relationship emerged between perceived computer proficiency and
performance on both the conventional and computerised versions of Test MX. Given
that the relationship between perceived computer proficiency and performance was the
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same for the computerised test as for the p&p test, this individual difference variable did
not affect the equivalency of the two administration procedures.

As shown in Table 11, for both groups a low but significant negative relationship was
found between computer anxiety and performance on the conventional version of Test
MX. For the P-C group, a low but significant negative correlation emerged between
computer anxiety and performance on the computerised test, r(197) =-.23, p =.001,
rather than the conventional test, r(197) = -.17, p = .020. However, the results of a t-test
for the difference between two nonindependent correlations indicated that the
relationship between computer anxiety and scores on Test MX were at least as strong
for the CBT as for the p&p test, t(194) = 1.85, p > .05 (Howell, 2001). This finding
suggests that computer anxiety did not affect the equivalency of the two administration
procedures.

6.3.7.7 Interaction of Test Mode with Computer Anxiety and Computer Experience
To test whether the relationship between computer anxiety and test performance was the
same regardless of mode of testing, an interaction term (computer anxiety × test mode)
was added to the regression of Test MX scores on the combination of computer anxiety
and test mode. After the removal of nine multivariate outliers, computer anxiety did not
interact significantly with test mode, β = -0.02, t(401) = -0.70, p = .483, sr² = .00.
Furthermore, no significant improvement in model fit was evident when including the
interaction between computer anxiety and test mode (∆R² = .00, FChange [1, 401] = 0.49,
p = .483). This result suggests that the relationship between computer anxiety and test
performance (after controlling for initial p&p scores) did not differ according to mode
of test administration.
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As shown in Appendix C, similar results were obtained when two separate hierarchical
regression analysis were undertaken to examine the interaction of test mode with both
computer use (Appendix C, Table 67) and perceived computer proficiency (Appendix
C, Table 68). Moreover, as shown in Appendix C, none of the interaction terms were
significant when standardised residual difference scores were regressed on the same
individual difference variables, mode in which the test was administered, and the
interaction between mode of test administration and computer use (Appendix C, Table
69), perceived computer proficiency (Appendix C, Table 70) or computer anxiety
(Appendix C, Table 71). Overall, this evidence suggests that the relationship between
computer experience and test performance did not vary as a function of test mode.
Hence, computer experience did not influence CBT performance or cross-mode
equivalence.

6.3.7.8 Summary of Findings Pertaining to the Study of Relativity of Equivalence
Overall, comparable correlations were found between the individual difference variables
of interest and scores obtained on both the conventional and computer-based version of
Test MX. Moreover, none of the interactions between test mode and the individual
difference variables of interest were statistically significant. Together, these findings
suggest that none of the individual difference variables affected performance on the
computerised version of Test MX, and so its equivalence with the conventional version.

6.3.8 Examining the Relationship Between State and Trait Anxiety: Testing the
Assumptions of the Cognitive Interference Model of Computer Anxiety
A further aim of this study was to provide conceptual clarity pertaining to the study of
computer anxiety by testing Hypothesis 1 of Section 5.4, which stated that high trait
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computer anxiety would be associated with heightened state computer anxiety (i.e.,
worry,

distractibility,

negative

intrusive

thoughts,

physiological

symptoms,

emotionality) in situations involving the actual or anticipated use of computers.
Hypothesis 1 was examined by deriving correlations among measures of trait computer
anxiety and state computer anxiety. To establish the situation-specificity of the statetrait computer anxiety relationship, partial correlations were obtained to examine the
relationship between trait computer anxiety and state computer anxiety while adjusting
for differences in test anxiety, trait anxiety and state anxiety.

6.3.8.1 An Examination of the Relationship Between Computer Trait and State
Anxiety
Four hundred and seventeen of the original 685 participants completed the CASAnxiety, SCS and SACS. Exploratory analysis was performed to detect and remove a
number of univariate outliers on these continuous variables. Moreover, the normality
assumption of the variables was assessed by statistical and graphical methods
(Tabachnick & Fidell, 2001). Scale means, standard deviations and correlations among
trait computer anxiety and the cognitive, affective and behavioural components of state
computer anxiety as measured by SACS are reported in Table 12. Descriptive statistics
and correlations are also reported in Table 12 for the SCS-Total (and its sub-scales).

Notably, the SCS examines the kinds of negative self-debilitative thoughts that a person
might experience whilst interacting with computers and was thus used to further assess
the cognitive component of state computer anxiety. Moreover, Spearman correlations
were derived to examine the relationship between trait computer anxiety and the
physiological aspect of state computer anxiety as shown in Table 12. Spearman
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correlations were derived because Physiological Symptoms, as measured by the SACS,
was identified as having nonnormal skewness and kurtosis.

Table 12
Correlation Coefficients Between Trait Computer Anxiety and State Computer Anxiety
for the Entire Sample of Test MX Examinees
Variables

M

1

2

3

4

5

6

7

(SD)
1. CAS

1.66

Anxiety

(0.61)

2. SCS

2.47

Control

(0.97)

3. SCS

1.36

Fear

(0.34)

4. SCS

1.94

Total

(0.59)

5. SACS

1.22

Worry

(0.28)

6. SACS

1.38

Distractibility

(0.40)

7. SACS

3.10

Happiness

(0.67)

8. SACS

1.14

Physiological

(0.26)

_

.45

_

.39

.28

_

.55

.93

.55

_

.49

.33

.44

.44

_

.34

.26

.30

.34

.42

_

-.56

-.50

-.38

-.59

-.39

-.33

_

.29

.17

.20

.22

.39

.29

-.23

Symptoms ª
Note. Due to univariate outliers and missing values on some measures, n ranged from
394 to 413 for the entire test-taking sample. All correlations were significant at p <.007.
ª Spearman correlations
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All of the correlations reported in Table 12 were significant at the Bonferonni adjusted
alpha level of .007 thus supporting Hypothesis 1. Specifically, a moderate positive
relationship was found between trait computer anxiety and negative self-related
thoughts about ones’ ability to master computers as measured by the SCS-Total. Table
12 shows that trait computer anxiety relates more strongly to the worry component of
state anxiety than the distractibility component. Likewise, a strong negative correlation
emerged between trait computer anxiety and the happiness or emotionality component
of state computer anxiety. This finding suggests that higher levels of trait computer
anxiety were related to less positive expressions of emotionality when interacting with
the computer.

Because the distribution for the Physiological Symptoms sub-scale of the SACS was
non-normal, Spearman correlations were obtained to assess the relationship among the
ranked scores on the measure of physiological symptoms and trait computer anxiety. As
shown in Table 12, a small although significant relationship was found between the
physiological symptoms or somatic component and trait computer anxiety. Overall, the
present findings suggest that trait computer anxiety was related to heightened state
computer anxiety in computing situations.

To establish the situation-specific nature of the state-trait computer anxiety relationship,
partial correlations were derived to examine the relationship between trait computer
anxiety and state computer anxiety while adjusting for differences in test anxiety, trait
anxiety and state anxiety. These correlations and partial correlations are presented in
Table 13. All of the correlations between computer anxiety and the cognitive and
affective aspects of state computer anxiety remained significant at p < .003 when
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controlling for the effects of state anxiety, trait anxiety and test anxiety, as shown in
Table 13.

Table 13
Zero order and Partial Correlations Between Trait Computer Anxiety, State Computer Anxiety and
Computer Thoughts for the Entire Sample of Test MX Examinees
CAS

Partial

Partial

Partial

Anxiety

controlling for

controlling for

controlling for

test anxiety

trait anxiety

state anxiety

1. SCS

.45

.43

.40

.43

Control

n = 409

n = 402

n = 405

n = 403

2. SCS

.39

.33

.31

.36

Fear

n = 400

n = 394

n = 396

n = 395

3. SCS

.55

.51

.48

.53

Total

n = 409

n = 402

n = 405

n = 403

4. SACS

.49

.45

.44

.48

Worry

n = 403

n = 398

n = 399

n = 397

5. SACS

.34

.27

.25

.31

Distractibility

n = 401

n = 395

n = 397

n = 395

6. SACS

-.56

-.54

-.50

-.54

Happiness

n = 405

n = 398

n = 401

n = 399

Note. All correlations significant at p < .003

This finding suggests that the state anxiety reactions as measured by the SACS and
SCS-Total, constitute situation specific responses that occur independently of other
anxieties such as test anxiety, trait anxiety or state anxiety.

6.3.8.2 Relationship Among Computer Anxiety, Computer Thoughts and
Performance Effectiveness
Based on Baron and Kenny (1986), regression analysis was used to test Hypotheses 3
and 4 outlined in Section 5.4. Hypothesis 3 postulated that high trait computer anxiety
would be associated with lower scores on the computerised test, while Hypothesis 4
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postulated that self-debilitative computer thoughts would mediate the negative main
effect of computer anxiety on performance effectiveness operationalised in terms of
number-correct on the computerised test. This set of analyses was limited to the P-C
group as it did not seem reasonable to pool paper based and computer-based test
performances when studying the effect of computer anxiety and self-debilitative
computer thoughts on computerised test performance.

To examine a possible mediational process requires a set of regressions (Baron &
Kenny, 1986). Firstly, a significant relationship must be shown between the independent
variable and the mediator. The second step is to show that there is a significant
relationship between the mediator and the dependent variable. Then one must show a
significant relationship between the independent and dependent variables. The third step
consists of demonstrating that when the mediator and independent variable are used
simultaneously to predict the dependent variable, the previously significant path
between the independent and dependent variable is greatly reduced, if not nonsignificant. A schematic model for testing the hypothesis that computer thoughts would
play a mediating role between computer anxiety and performance effectiveness is
depicted in Figure 4.

At Step 1, when self-debilitative computer thoughts were regressed on computer
anxiety, four univariate outliers were identified and deleted. The regression model was
significantly different from zero, R = .57, adjusted R² = .32, F(1, 188) = 90.91, p = .000,
and computer anxiety was a significant predictor, β = .54, t(189) = 9.53, p = .000. At
Step 2 when performance on the CBT was regressed on computer thoughts the
regression model was significantly difference from zero, R = .29, adjusted R² = .08, F(1,
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192) = 16.95, p = .000, and computer thoughts was found to be a significant predictor of
CBT scores, β = -.29, t(192) = -4.12, p = .000.

Self-debilitative
computer thoughts
β = -.29***

β = .54***

Performance
effectiveness
(i.e., number-correct)

Computer
anxiety
β = -.14

Figure 4. Mediation of computer anxiety by computer thoughts for number-correct
on Test MX.
*** p <.001

When computer anxiety was added as the sole predictor of CBT performance it was
significant, β = -.24, t(194) = -3.47, p = .001, and the regression model was significantly
different from zero after the deletion of two multivariate outlier, R = .24, adjusted R² =
.05, F(1, 194) = 12.05, p = .001. Subsequently, when computer thoughts was added to
the regression model it was significant, β = -.20, t(190) = -2.47, p = .014, and the main
effect of computer anxiety on test performance was no longer significant, β = -.14,
t(191) = -1.78, p = .076. The regression model was significantly different from zero
after this final step, R = .30, adjusted R² = .08, F(2, 190) = 9.42, p = .000.
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The results of Step 2 provides support for Hypothesis 3 that trait computer anxiety has a
debilitative effect on processing effectiveness. Specifically, the results indicated that
when trait computer anxiety was entered as an explanatory variable it was a significant
predictor and accounted for 5 % of the variance in performance effectiveness. Support
was also found for Hypothesis 4, which stated that intrusive self-debilitative thoughts
would mediate the negative main effect of trait computer anxiety on performance
effectiveness (i.e., number-solved). Overall, the results from this analysis demonstrated
that the main effect of computer anxiety on performance effectiveness became less
marked and was no longer significant when controlling for self-debilitative computer
thoughts. Therefore, in support of Hypothesis 4, intrusive self-debilitative thoughts
mediated the negative main effect of trait computer anxiety on CBT performance when
operationalised in terms of number-correct. Therefore, the findings of this study provide
support for both Hypothesis 3 and Hypothesis 4.

6.3.8.3 Relationship Among Computer Anxiety, Computer Thoughts and
Performance Efficiency
Based on Baron and Kenny (1986), a set of regression equations was also computed to
test Hypothesis 2, which postulated that the use of compensatory strategies would
reduce processing efficiency in trait computer anxious examinees (because more
processing resources are being used), operationalised in terms of the total number of
items solved. This set of regression analyses was also used to test Hypothesis 4, which
further postulated that self-debilitative computer thoughts would mediate the negative
main effect of computer anxiety on performance efficiency, operationalised in terms of
the number of items solved on the computerised version of Test MX. A schematic
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model for testing the mediation of computer thoughts on the computer anxietyperformance efficiency relationship is depicted in Figure 5.

β = .54***

Self-debilitative
computer thoughts

β = -.13

Computer
anxiety

β = -.08

Performance
efficiency
(i.e., numbersolved)

Figure 5. Mediation of computer anxiety by computer thoughts for number-solved
on Test MX.
***p < .001

At Step 1, when self-debilitative computer thoughts were regressed on computer
anxiety, four univariate outliers were identified and deleted. The regression model was
significantly different from zero, R = .57, adjusted R² = .32, F(1, 188) = 90.91, p = .000,
and computer anxiety was a significant predictor, β = .54, t(189) = 9.53, p = .000. At
step two when number-solved on the CBT was regressed on computer thoughts, one
univariate outlier was identified and removed. The regression model did not differ
significantly from zero, R = .13, adjusted R² = .01, F(1, 191) = 3.50, p = .063, and
computer thoughts was not a significant predictor of performance efficiency, β = -.13,
t(193) = -1.87, p = .063.
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When number-solved was regressed on computer anxiety two outliers were identified
and deleted from the analysis. The regression model did not differ significantly from
zero, R = .08, adjusted R² = .002, F(1, 194) = 1.38, p = .242. Moreover, computer
anxiety was not significant predictor of performance efficiency, β = -.08, t(194) = 1.17, p = .242. To test whether intrusive thoughts mediated the effect of computer
anxiety on performance efficiency, self-debilitative computer thoughts was added to the
regression model. The results indicated that computer thoughts was not a significant
predictor of performance efficiency, β = -.13, t(190) = -1.46, p = .145, and the main
effect of computer anxiety on test performance remained non-significant, β = -.02,
t(191) = -0.20, p = .844. As a result, the regression model did not differ significantly
from zero when both computer anxiety and computer thoughts were included in the
regression model, R = .14, adjusted R² = .01, F(2, 190) = 1.76, p = .175. This pattern of
results suggests that self-debilitative computer thoughts did not mediate the negative
main effect of computer anxiety on examinees’ rate of responding.

The results indicated that computer anxiety did not account for a significant amount of
the variance in performance efficiency thus failing to support Hypothesis 2. Likewise,
support was not found for Hypothesis 4, which stated, in part, that intrusive selfdebilitative thoughts would mediate the negative main effect of trait computer anxiety
on performance efficiency (i.e., number-solved). Taken collectively, the results from the
set of regression analyses demonstrated that the main effect of computer anxiety on
performance efficiency remained significant when controlling for negative selfdebilitative thoughts. Therefore, contrary to expectation, intrusive self-debilitative
thoughts did not mediate the negative main effect of trait computer anxiety on CBT
performance when operationalised in terms of the number of items solved.
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6.3.9 Summary and Commentary of Research Findings for Phase 1, Study 1
It is important to note that the results of this study and the subsequent studies are
reviewed at length in the Discussion chapter (Chapter Nine). The Discussion chapter
also addresses the broader empirical, theoretical and practical implications of this thesis.
As a result, sections pertaining to 6.3.9 will provide a brief summary of the research
findings of Phase 1 of Study 1, while alluding to the pertinent issues to be discussed at
length in Chapter Nine. This strategy is also employed in Sections 7.4 and 8.4 and so
each of these sections also provide only a brief overview of the research findings
reported in the subsequent studies.

6.3.9.1 Findings Pertaining to the Study of Psychometric Equivalence
The primary purpose of this phase of Study 1 was to examine the cross-mode
equivalence of Test MX, a multiple-choice test of basic mathematics ability (Australian
Department of Defence, 2001). Correlational analyses of the test data demonstrated that
cross-mode and within-mode correlations were similar and that the two forms were
measuring similar traits (Mead & Drasgow, 1993; Neuman & Baydoun, 1998).
However, subsequent analyses revealed that performance on Test MX was differentially
affected by mode of test administration. A comparison of group means yielded a small
but significant effect due to administration mode after controlling for initial p&p test
scores. The results indicated that examinees in the P-P group achieved significantly
higher mean scores on the second administration than the P-C group, after adjusting for
scores obtained on the initial paper test. Performance on the computerised and p&p
versions also differed in terms of score distribution and dispersion. Together these
results demonstrate that the computer and p&p versions of Test MX were not
psychometrically equivalent.
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6.3.9.2 Findings Pertaining to the Study of Behavioural Equivalence
With respect to the study of behavioural equivalence, the results provided some
evidence to suggest that examinees’ test-taking behaviour differed as a function of test
administration mode. On the first administration the P-P and P-C groups demonstrated
similar response patterns on the conventional version of Test MX with respect to
speededness and item omit information. On the second test administration, however, not
reached items were greater for the group completing the computerised test, while item
omits were greater for the group administered the conventional test. In the present
context these strategy shifts could have influenced score distributions and mean
performance across modes (Mason et al., 2000). Therefore, one potential explanation
for nonequivalence on Test MX relates to differential response patterns found between
administration modes. In Section 9.2, formatting and software differences are offered as
a potential explanation for the differential response patterns reported in this initial study.

6.3.9.3 Findings Pertaining to the Study of the Experiential Equivalence
The present study also examined whether the individual’s experience of the test
situation differed as a function of administration mode. To address this issue, the
ATCAS was developed to examine individual differences in examinees’ attitudinal and
emotional reactions towards the computer-based versus p&p test environment. The
results indicated that a qualitatively different test-taking experience was created when
Test MX was presented on the computer. Specifically, a significantly smaller proportion
of test-takers indicated feeling more nervous and anxious when completing the CBT
relative to the p&p test, while a significantly smaller proportion of examinees felt more
comfortable completing the test on paper than computer. Moreover, examinees’ found it
easier to respond and check answers on the computerised rather than conventional test.
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In light of these differences, a significantly greater proportion of examinees noted that if
given a choice they would prefer to take the test on computer than paper in the future.
Together, these findings suggest that the two administration modes were not
experientially equivalent.

Despite these experiential differences, examinees’ reactions towards the CBT
experience were unrelated to performance on both the computerised and conventional
test. Therefore, examinees’ reactions towards the test-taking experience did not
represent a pertinent source of irrelevant variance on the computerised test. Section 9.3
addresses the implications of these findings for test validity, while avenues for future
research are also considered. As noted in Section 9.3 further attention needs to be paid
to adequately differentiating and measuring experiential differences between the modes.
Researchers should also continue to assess the impact of these experiential differences
on psychometric equivalence.

6.3.9.4 Findings Pertaining to the Study of Relativity of Equivalence
As discussed in Chapter 3, a number of individual difference variables have been shown
to affect performance on computerised tests of cognitive ability and so their equivalence
with conventional tests (i.e., test anxiety and its components, trait anxiety, state anxiety,
computer thoughts, trait computer anxiety, state computer anxiety, computer
experience). However, there has been no systematic evaluation of these individual
differences and their impact on scores obtained on computerised versus conventional
tests of cognitive ability. To this end, this study provided a comprehensive exploration
of the impact of these individual differences on score validity (McDonald, 2002).
Overall, comparable correlations were found between the individual difference variables
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of interest and scores obtained on both the conventional and computer-based version of
Test MX. Likewise, none of the interactions between the selected individual difference
variables examined and administration mode were statistically significance. Therefore,
the computerised-conventional equivalency of Test MX did not vary as a function of the
individual difference variables of interest. However, these findings were not completely
unexpected given that the current sample was predominantly comprised of males in
their early twenties. Given that sampling and generalisability issues attract attention in
the subsequent studies, these issues and thus opportunities for future research are
discussed in Section 9.4.

6.3.9.5 Findings Pertaining to the State-Trait Perspective of Computer Anxiety
A further aim of this thesis was to provide conceptual clarification of computer anxiety
by exploring the state-trait distinction. According to the CIM-CA (Section 4.4),
individuals high in computer anxiety are viewed as being more likely than their low
computer anxious counterparts to perceive computing situations as threatening and
beyond their control. As a result, trait computer anxious individuals are assumed to be
more vulnerable to stress in situations involving computers and are thus more likely to
experience anxiety state reactions than persons who are low in trait computer anxiety.
As hypothesised, the results of this initial study indicated that trait computer anxiety
was positively associated with more frequent self-deprecatory thoughts, worry and
distractibility and heightened emotionality when interacting with computers. It should
be noted that other forms of anxiety such as trait anxiety and test anxiety are
characterised by anxious-self doubts as well as other ruminative preoccupations.
However, the strength of the relationship between trait computer anxiety and state
computer anxiety was basically unchanged when controlling for the effects of these
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other anxieties. Taken together, these results suggest that the cognitive and affective
reactions experienced by those high in computer anxiety reflected a situation-specific
response rather than a more generalised response pattern.

6.3.9.6 Computer Anxiety-Performance Relationship
Although research generally supports the claim that computer anxiety impedes
computerised test performance, a noticeable absence of theoretical justification is
provided by research in support of their findings. By drawing on the CIM-CA, this
study differs from past research by exploring the mediating effects of computer thoughts
on the computer anxiety–performance relationship. Consistent with the CIM-CA, the
results of this study support the association between trait computer anxiety and elevated
levels of intrusive self-deprecatory thoughts when using, or when thinking about using
computers. According to the CIM-CA these cognitive excesses consume working
memory capacity in high-computer anxious subjects, which in less anxious computer
users remains available for task performance (Eysenck, 1992; Eysenck & Calvo, 1992).
As a consequence, self-preoccupying thoughts are hypothesised to lead to performance
degradation on CBT of cognitive ability under timed conditions (Smith & Caputi, 2001;
Tseng et al., 1998). Moreover, the CIM-CA further posits that under timed conditions
anxious individuals will take longer to complete tasks due to this limited capacity
working memory system. Theoretically, at least, the impact of computer anxiety on
examinees’ speed and accuracy of responding may revolve around the interference
caused by negative cognitions.

Findings from the mediational analyses provided partial support for the CIM-CA. As
predicted, negative self-deprecatory thoughts mediated the effects of trait computer
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anxiety on CBT performance when operationalised in terms of the number of items
answered correct (i.e., performance effectiveness). Contrary to expectation, however,
computer thoughts did not mediate the relationship between computer anxiety and CBT
performance when operationalised in terms of the number of items solved (i.e.,
performance efficiency). This seemingly contradictory finding may suggest the presence
of some third, unaccounted for, factor that mediates the effects of computer anxiety on
the number of items solved. In Section 9.6 differential speededness and mathematics
anxiety are viewed as potential confounds in the current research that could account for
the unexpected finding with respect to the computer anxiety-performance efficiency
relationship.

Overall, the results of the present study demonstrates that the generalisation of CBT
scores to those obtained on p&p tests requires a thorough investigation of all four
equivalency criteria. Hence, equivalency cannot be assumed until a thorough
comparative analysis of the computerised instrument has been performed. Given that the
ADF have elected to computerise another of its personnel selection tests, namely Test
C, it follows that computerised-conventional equivalency needs to be established in
accordance with the criteria outlined in Phase 1. Phase 2 of Study 1 is presented in the
next chapter.
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CHAPTER SEVEN: Exploring the Equivalence of Test C Using an
Australian Defence Force Sample
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7.1 Aims of Phase 2 of Study 1
The purpose of Phase 2 of Study 1 was to investigate the equivalency of Test C, a 40item timed, speed and accuracy clerical aptitude test used to select applicants in the
ADF (Australian Department of Defence, 2001). In order to provide a systematic and
comprehensive examination of the four-equivalency criteria, the same analyses and
measures employed in Phase 1 were used in this second phase. Hence, the present study
explored the equivalency of Test C in terms of psychometric, behavioural, experiential
and individual difference aspects (i.e., relativity of equivalence).

Consistent with Phase 1, this study also examined the state-trait computer anxiety
relationship as outlined in the CIM-CA. The CIM-CA was also used as a theoretical
basis for exploring the effect of computer anxiety on computerised test performance. As
noted in Section 5.4, trait computer anxiety was hypothesised to impede examinees
performance effectiveness (i.e., number-correct) and efficiency (i.e., number - solved)
on Test C. In light of the CIM-CA, computer thoughts were hypothesised to mediate the
negative effect of trait computer anxiety on CBT performance.

7.2 Method
7.2.1 Participants
A total of 781 ADF applicants participated in the study. However, three participants had
missing data on Test C and were dropped from any further analyses. Consequently, the
total sample consisted of 517 male (66.50 %) and 89 (11.40 %) females. A total of 172
(22.10 %) participants did not report their sex. The age range of applicants at the time of
testing was 15 to 49 years with a mean age of 21.42 years (SD = 4.57).
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7.2.2 Instruments
The following instruments were used to measure general ability and individual
difference characteristics. These instruments are described in Sections 5.5 and 5.6.
•

Amount of Computer Experience Scale.

•

Attitude Towards Computerised Assessment Scale (ATCAS).

•

Computer Anxiety sub-scale (CAS-Anxiety).

•

Computer Usage Scale (CUS).

•

Conventional versus computerised versions of Test C.

•

Information sheet designed to measure background information such as age, gender,
level of education and ethnicity.

•

Perceived Computer Proficiency Scale (PCPS).

•

Revised Test Anxiety Scale (RTA).

•

Sense of Control Scale (SCS).

•

Six-item short form of the State-Trait Anxiety Inventory (STAI-6).

•

Trait Anxiety sub-scale of the State-Trait Personality Inventory (STAI-Trait).

7.2.3 Research Design
In accordance with Phase 1, a two-way mixed design was used to examine mode of
administration effects as described in Section 6.2.3.

7.2.4 Procedure
The procedure for Phase 2 of Study 1 was similar to that of Phase 1 accept that Test C
rather than Test MX was completed on the first and second administrations.
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7.3 Results
7.3.1 Sample Characteristics
Of the 537 participants randomly assigned to a P-P condition, 323 were male and 42
were female. One hundred and seventy two participants did not report their sex. The age
range of the male participants was 15 to 49 years with a mean age of 21.29 years (n =
314, SD = 4.67), while the age range of the female participants was 17 to 31 years with
a mean age of 20.50 years (SD = 3.43).

Of the 241 participants randomly assigned to the P-C condition, 194 were male and 47
were female. The age range of the male participants was 17 to 35 years with a mean age
of 21.57 years (SD = 4.07), while the age range of the female applicants was 17 to 36
years with a mean age of 21.42 years (SD = 4.80).

A total of 329 applicants in the P-P condition and 222 applicants in the P-C condition
completed and returned the questionnaire booklet. On some questionnaires, data was
available for slightly fewer participants due to incomplete or missing responses. As
shown in Appendix D, Table 72, results of chi-square analyses indicated that the two
samples were similar with respect to background characteristics and level of computer
experience and familiarity.

7.3.2 Preliminary Analyses: Testing Assumptions
Prior to conducting the main analyses performance data (i.e., number correct, residual
difference scores for number-correct, difference scores for number-correct) and
measures of test-taking behaviour (i.e., number of items solved, residual difference
scores for number-solved, omitted, not-reached, transformed proportion correct) were
evaluated for both normality and outliers using the exploratory analyses reported in
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Section 6.3.2. Performance scores and scores pertaining to test-taking behaviour were
normally distributed with the exception of number of items not-reached and omitted. As
a result, distribution free or nonparametric tests were used to compare item omit
patterns across test mode (Tabachnick & Fidell, 2001).

7.3.3 Reliability Analyses of the Instruments
Reliability coefficients for the various anxiety, computer thoughts and computer usage
measures are reported in Appendix D, Table 73, for the entire test-taking sample and
separately for the P-P and P-C groups. For the total sample, reliability coefficients
ranged from .67 (for the SACS-Physiological Symptoms) to .90 (for the SCS-Control).
With regard to test groups, reliability coefficients ranged from .65 to .91 for the P-P
group and from .68 to .91 for the P-C group. These coefficients indicate satisfactory
internal consistencies for the scales with some notable exceptions. The reliability
coefficients for the Physiological Symptoms sub-scale of the SACS were lower than the
conventional cutoff of .70 for the total sample (α = .67), and both the P-P (α = .65) and
P-C (α = .68) test groups. Likewise, the reliability coefficients for the RTA Bodily
Symptoms sub-scale were lower than .70 for the total sample (α = .69), and both the PP (α = .65) and P-C (α = .68) test groups, while the SCS Fear sub-scale was lower than
the conventional cutoff for the P-P group (α = .68). Although the reliability coefficients
were below .70, they were considered acceptable within this research. However, some
caution will need to be taken when interpreting results based on these scales (Nunnally,
1967).
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7.3.4 Examination of the Psychometric Equivalence of Test C
7.3.4.1 Test of Equality of Scale Means
Table 14 presents means and standard deviations for the computer and paper versions of
Test C by test group and administration time. Although both groups showed an
improvement in performance across time, the mean test score for the P-P group was
higher than the P-C group at Times 1 and 2. Initially, an independent t-test was
performed to determine whether both groups yielded comparable scores at Time 1.
Since the assumption of equal variances was violated (Levene’s test, F = 13.15, p =
.000), the results presented are based on an alternative t-value, which compensates for
the fact that the variances are not the same (Howell, 2001).

Table 14
Means and Standard Deviations for Number-Correct on Test C by Test Group and
Administration Time
Group

Time 1

Time 2

n

M

SD

M

SD

P-P

537

19.86

5.05

22.28

5.56

P-C

241

18.65

5.99

18.78

5.58

The independent t-test was found to be statistically significant, t(399) = 2.75, p = .006,

η² = .02, indicating that the P-P group (M = 19.86, SD = 5.05) achieved significantly
higher scores on average than the P-C group (M = 18.65, SD = 5.99).

In light of the significant test group effect found at Time 1, a one-way between-groups
ANCOVA was performed to test for a mode of administration effect at Time 2, while

176

controlling for initial p&p scores. The assumptions of normality, homogeneity of
variance-covariance matrices and linearity were tested and satisfied. However, the test
for equality of regression slopes showed a significant deviation from equality, F(1, 774)
= 12.98, p = .000. As a result, the slopes for each group were estimated separately and
as shown in Figure 6, SPSS (2002) Version 10 software was used to fit what is
essentially a different regression model for each group. The regression equation for the
P-P group was, Time 2 Score = 4.37 + 0.90 (Time 1 Score), and for the P-C group,
Time 2 Score = 4.99 + 0.74 (Time 1 Score).

Time 2 Score on Test C

30
25
20
P-P Group
15
P-C Group

10
5
0
5

10

15

20

25

Time 1 Score on Test C

Figure 6. Regression lines depicting heterogenous slopes for the P-P and P-C groups on
Test C.

Visual inspection of the regression lines in Figure 6 indicates that the regression line for
the P-P group has a greater slope and is elevated above the regression line of the P-C
group. In this instance, a violation of the homogeneity of regression slopes suggest that
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predicted Time 2 scores for each test group depends upon which Time 1 score is
selected. If a low Time 1 score was selected then one might conclude that there are no
differences between the two groups. If a high Time 1 score was selected, however, one
might conclude that there were significant differences between the groups. Hence, the
extent to which the P-P group performs better relative to the P-C group at Time 2 will
depend on which value of the covariate (Time 1 score) one specifies. As a result, the use
of Time 1 scores as a covariate would be misleading (Stevens, 1996).

7.3.4.2 A Comparison of Residual Difference Scores on Test C
Since the equivalent slopes assumption was violated alternative analyses were
performed to examine whether the computerised and conventional tests were equivalent
in terms of mean performance. Based on Stevens (1996), the effect of administration
mode on test performance was explored by performing an ANOVA on residual
difference scores. Residual difference scores were calculated as described in Section
6.3.5.4. The mean residual score for the P-P group (M = 0.76, SD = 3.19) differed
significantly from the P-C group (M = -1.69, SD = 3.47). Therefore examinees in the PC group achieved significantly lower scores on the computerised version of Test C than
their p&p score would predict relative to the P-P group, F(1, 776) = 92.13, p = .000, η²
= .11. The magnitude of the difference in the means was large in terms of Cohen’s
(1988) criteria. Similar results were obtained when performing an ANOVA on gain
difference scores for the P-P (M = 2.39, SD = 3.18) and P-C (M = 0.14, SD = 3.74)
group, F(1, 775) = 74.53, p = .000, η² = .09. One outlier was removed from the P-P
group.
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7.3.4.3 Test of Equality of Scale Variances
Equality of scale variances was tested using the t-test for equality of variances in
dependent samples (Kirk, 1984). Of primary interest was the within-group comparison
in the paper to computer group where differences in test score variance could be
compared under both administration conditions (Harrell et al., 1987). With regard to PC scores, the computerised (σ² = 31.17) and p&p scales (σ² = 35.85) did not differ
significantly in the magnitude of their scale variance, t(239) = 1.78, p > .05. For the P-P
group, however, the dependent t-test for the variances yielded a significant statistical
difference, t(535) = 3.89, p < .05. Specifically, scores on the second administration (σ²
= 30.88) yielded greater variability than test scores obtained on the initial p&p test (σ² =
25.49).

Differences between group variances were analysed using independent Fmax tests
between the P-P and P-C group for the first and second administration. For the first
administration, when both groups were administered the p&p test, a significant
difference in score variance was found, F(240, 536) = 1.41, p < .05. When comparing
scores on the retest, however, there was no significant difference in the variability of
scores obtained on the computer-based and p&p test, F(240, 536) = 1.01, p > .05 (Kirk,
1984).

7.3.4.4 Comparison of Scale Distributions
Differences between the empirical distributions were tested using Kolmogorov-Smirnov
test (Chin et al., 1991). Tests between the empirical distributions of the raw test scores
for each group revealed significant differences at Time 2, D = 3.11, p = .000. Therefore,
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the score distributions on the p&p version and computer-based version of Test C were
unequal.

7.3.4.5 Rank Order of Scores by Test Group
The correlation between the two p&p formats of Test C was found to be .82 (p < .001;
CI = .79 to .85). The correlation between the p&p and computer-based versions was
found to be .79 (p < .001; CI = .74 to .84). These two coefficients were not statistically
different, z = 1.10, p > .05. Hence, the pattern of within-mode correlations for the P-P
formats was similar to the cross-mode correlations for the P-C formats indicating that
the rank order of individuals was basically unchanged across modes. This finding
suggests that similar constructs are being measured (Neuman & Baydoun, 1998).

7.3.4.6 Summary of Findings Pertaining to the Study of Psychometric Equivalence
Taken together, correlation analysis of the test data indicated that the pattern of crossmode and within-mode correlations were similar and thus the rank order of individuals
was basically unchanged across modes. This finding supports the notion that the p&p
and computer-based forms are measuring similar traits (Neuman & Baydoun, 1998).
Moreover, the p&p and computer-based version of Test C did not differ significantly in
the magnitude of their scale variance. However, subsequent results suggested that the
computer-based presentation of Test C yielded indices of equivalence that differed from
the p&p presentation. Specifically, test scores on the p&p and computer-based versions
of Test C differed in terms of score distribution. Furthermore, mean differences of
statistical and practical significant were found on the p&p and computerised forms. For
the P-P group practice on the initial test produced, on average, a significant increase in
number-correct scores on the second examination. For the P-C group, however, the

180

average score on the second administration was not significantly increased by a practice
effect. Rather, performance on the computerised version seemed to increase slightly due
to a practice effect, but decreased somewhat as a result of a mode-of-administration
effect, resulting in a significantly smaller net change than the P-P group. A betweengroup comparison of residual difference scores also suggested that examinees in the P-C
group achieved significantly lower scores on the computer version than predicted by
their p&p test scores relative to the P-P group. Taken together, this evidence suggests
that the mode of test administration differentially affected scores obtained on the p&p
versus computer-based versions of Test C.

7.3.5 Examination of the Behavioural Equivalence of Test C
Cross-mode differences in test speededness and item omit patterns were explored using
the same indices outlined in Sections 6.3.5. Together, these measures will provide the
data necessary to determine whether examinees’ test-taking behaviour on Test C
differed as a function of administration mode.

7.3.5.1 Ratio of Test Speededness by Test Group and Administration Time
On the first administration the speededness ratio of 1.28 for the P-P group and 1.06 for
the P-C group suggests that the p&p version of Test C is highly speeded. On the second
administration the speededness ratio decreased to 0.80 for the P-P group and 0.88 for
the P-C group. Therefore, examinees responded at a faster rate on the second
examination irrespective of mode. However, a greater decrement in the speededness
ratio was found for the P-P (0.48) group than the P-C group (0.18). Although both
groups progressed through the second administration at a faster speed, the practice
effect was greatest when the mode of administration did not differ across time.
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7.3.5.2 Proportion of Items Completed on Test C by Test Group and
Administration Time: Between Group Perspective
Table 15 shows frequency information from cross-tabulations of test group by time on
the number of participants completing 75 %, all items, and the last item on Test C.

Table 15
Frequencies and Percentages of Participants Attempting 75 %, All Items and the Last
Item Comprising Test C by Test Group and Administration Time
Time 1

Time 2

P-P

P-C

P-P

P-C a

Items attempted

n (%)

n (%)

n (%)

n (%)

75 % of Test C

272 (50.7)

107 (44.4)

415 (77.3)

83 (34.4)

All items

10 (1.9)

7 (2.9)

88 (16.4)

0 (0.0)

Last item

128 (23.8)

48 (19.9)

272 (50.7)

5 (2.1)

a

Time 2 item level data missing for one participant in the P-C group.

Irrespective of test group fewer than 100 % of the examinees reached 75 % of the test
items at Times 1 and 2. Moreover, frequency information pertaining to the percentage
of participants completing all items comprising Test C indicates that fewer than 100 %
of the items were reached by 80 % of the examinees in both the P-P and P-C groups at
Times 1 and 2. However, as shown in Table 15 notably fewer examinees in the P-C
group reached 75 % of the items at Time 2 relative to Time 1 when Test C was
administered on computer. Moreover, in contrast to the P-P group, none of the
examinees in the P-C group completed all items when Test C was administered on
computer. Overall, these findings suggest that both the paper-based and computer-based
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versions of Test C were highly speeded. When comparing completion rates at Time 2,
however, the percentages shown in Table 15 suggest that examinees progressed through
the computerised version at a slower rate than examinees completing the p&p test.

Accordingly, when comparing test speededness by test group, the paper version of Test
C was found to be less speeded than the computer-based version. Specifically, at Time 1
when the p&p version of Test C was administered to both test groups, a non-significant
group effect was found in relation to the number of participants completing 75 % of the
test, χ²(1, N = 778) = 2.60, p = .107, all items comprising Test C, χ²(1, N = 778) = 0.85,
p = .358, and the last item on Test C, χ²(1, N = 778) = 1.46, p = .227. Therefore,
response speed and mode of administration were independent at Time 1 when both
groups completed the p&p version of Test C. This finding suggests that the P-P and P-C
groups progressed through the p&p test at a comparable speed at Time 1.

At Time 2, however, a significant group effect was found in relation to the number of
participants completing 75 % of Test C, χ²(1, N = 778) = 132.53, p = .000, all items
comprising Test C, χ²(1, N = 778) = 44.53, p = .000, and the last item on Test C, χ²(1, N
= 777) = 170.56, p = .000. As shown in Table 15, the nature of the relationship was such
that examinees in the P-P group were more likely than examinees in the P-C group to
complete 75 %, all items and the last item comprising Test C. The strength of each
relationship, as measured by the fourfold point correlation coefficient, was .41, .24 and
.47, respectively (Jaccard & Becker, 1997). These findings suggest that examinees in
the P-P group progressed through the second administration at a faster rate than
examinees in the P-C group. These fourfold point correlation coefficients translate into
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effect sizes of .17, .06, and .22, which coincide with Cohen’s (1988) operational
definition of small (e = .05) and large (e = .20) effect sizes.

7.3.5.3 Proportion of Items Completed on Test C by Test Group and
Administration Time: Within Group Perspective
For both the P-P and P-C group a z-test for the difference between two correlated
proportions was used to compare differences in the percentage of participants
completing 75 %, all items, and the last item on Test C at Times 1 and 2 (Agresti &
Finlay, 1997; Lowry, 2002a). For the P-P group, results indicated that at Time 2 relative
to Time 1, a significantly greater proportion of participants completed 75 % of the test
items (z = 11.41, p = .000), all items (z = 8.72, p = .000), and the last item on Test C (z
= 10.79, p = .000).

The opposite pattern of results was found for the P-C group with a significantly smaller
proportion of participants completing 75 % of the test items (z = -3.21, p = .001), all
items comprising Test C (z = -2.65, p = .008), and the last item (z = -6.41, p = .000), on
the second administration relative to the first. Overall, these findings suggest that
participants administered the p&p test on both occasions progressed through the second
examination at a quicker rate than the first examination. Examinees administered the
conventional test followed by the computerised test, however, progressed through the
computer version at a slower rate than the p&p test.

7.3.5.4 Items Solved on Test C by Test Group and Administration Time
To further examine the effect of test mode on examinees speed of responding, an
independent t-test was performed to compare the mean number of items solved at Time
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1 for the P-P (M = 26.66, SD = 4.67) and P-C group (M = 28.70, SD =5.48). Since the
assumption of equal variances was violated (Levene’s test, F = 7.13, p = .008), the
results presented are based on an alternative t-value, which compensates for the fact that
the variances are not the same (Howell, 2001). This test was found to be statistically
significant, t(403) = 2.38, p = .018, η² = .01.

Given that examinees in the P-P group solved more items at Time 1 than the P-C group,
the effect of examination mode on test speededness was further explored by performing
an ANOVA on residual difference scores for the number of items solved. The results
indicated that the mean residual score for the P-P group (M = 1.72, SD = 3.16) differed
significantly from the P-C group (M = -3.83, SD = 3.83), F(1, 776) = 448.35, p = .000,

η² = .37. Therefore, examinees in the P-C group solved significantly fewer items on the
computerised version of Test C than their paper score would predict relative to the P-P
group. This finding suggests that for the P-C group the examinees’ rate of responding
was impeded by the change in the mode of test administration.

7.3.5.5 A Comparison of Item Omit Patterns by Test Group and Administration
Mode from a Between Group Perspective
To explore potential differences in test-taking strategies brought about by changes in the
mode of test delivery, item omit patterns were explored from a between and within
group perspective. Descriptive statistics for the number of items omitted and notreached by test group and administration time are presented in Table 16.
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Table 16
Descriptive Statistics for the Number of Items Omitted and Not-reached on Test C by
Test Group and Administration Time
Time 1
Group
P-P

Time 2

M

Mdn

SD

M

Mdn

SD

Omitted

2.50

1.00

3.51

2.41

1.00

3.14

Not

7.83

9.00

5.71

3.98

0.00

4.97

Omitted

2.52

1.00

3.40

1.32

0.00

2.78

Not

8.78

9.00

6.18

11.40

11.00

5.25

reached

P-C a

reached
a

Time 2 item-level data missing for one participant in the P-C group. However, test-level

information was available (i.e., number-correct and incorrect, number-solved).

Due to normality assumption violations, the Wilcoxon rank-sum test was used to
compare the P-P and P-C groups on the number of items omitted and not-reached at
Times 1 and 2. At Time 1 when both groups were administered Test C in paper form,
the mean ranks were found to be non-significantly different for the number of items
omitted, N = 778, z = -0.31, p = .756, and not-reached, N = 778, z = -1.70, p = .089.

On the second administration, however, cross-mode differences were found for the
number of items omitted, N = 777, z = -4.86, p = .000, and not-reached, N = 777, z = 15.65, p = .000. An inspection of the mean ranks indicated that the P-P group (mean
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rank of 413.78) omitted significantly more items than the P-C group (mean rank of
333.56). Therefore, examinees administered the conventional test at Time 2 skipped
more items than those administered the computerised test. The strength of the
relationship between test group and item omit patterns as indexed by the Glass rank
biserial correlation coefficient was .21. Due to fewer omits and slower responding on
the CBT, the two groups also differed with regard to the number of items not-reached.
Specifically, the computerised test (mean rank of 572.95) yielded a greater number of
not-reached items relative to the conventional test (mean rank of 306.79). The strength
of the relationship as indexed by Glass rank biserial correlation was -.69.

7.3.5.6 Within Group Comparisons of Item Omit Patterns by Test Group and
Administration Time
A Wilcoxon signed rank test was used to compare the number of items omitted and notreached at Time 2 versus Time 1 for both the P-P and P-C group, due to normality
violations. For the P-P group the rank sums for the number of items not-reached at Time
2 versus Time 1 was significantly different, n = 537, T = 5280.00, z = -15.31, p = .000.
The rank sum for the positive difference (Rp = 5280.00) was significantly smaller than
the rank sum for the negative difference (Rn = 78156.00) suggesting that examinees
reached more items on the second administration of the p&p test (i.e., fewer notreached) than the first. The strength of the relationship as indexed by the matched-pairs
rank biserial correlation coefficient was .54. However, the rank sums for the number of
items omitted at Time 2 did not differ significantly from the number of items omitted at
Time 1, n = 537, T = 29570.00, z = -0.61, p = .544.
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For the P-C group, a significant difference was found in the rank sums for the number
of items not-reached at Time 2 relative to Time 1, n = 240, T = 4708.50, z = -7.24, p =
.000. The rank sum for the positive difference (Rp = 17446.50) was significantly larger
than the rank sum for the negative difference (Rn = 4708.50) suggesting that examinees
reached fewer items on the computerised test than the conventional test. The strength of
the relationship as indexed by the matched-pairs rank biserial correlation coefficient
was .44. Likewise, the rank sums for the number of items omitted at Time 2 versus
Time 1 was also found to be significantly different, n = 240, T = 3811.50, z = -5.41, p =
.000. The rank sum for the positive difference (Rp = 3811.50) was significantly smaller
than the rank sum for the negative difference (Rn = 10723.50). Therefore, examinees in
the P-C group omitted significantly fewer items on the computerised test than the paper
test. The strength of the relationship as indexed by the matched-pairs rank biserial
correlation coefficient was .24.

7.3.5.7 Effect of Administration Mode on Speed and Accuracy of Responding
To explore cross-mode differences in speed and accuracy of responding the proportion
of items answered correctly on Test C were calculated by dividing the number of correct
responses by the number of items solved and then transformed (See Section 6.3.5.7).
Table 17 presents means and standard deviations for the transformed proportion of
correctly solved items on Test C as a function of test group and administration time.
Initially, an independent t-test was performed to determine whether both groups yielded
comparable scores at Time 1. Since the assumption of equal variances was violated
(Levene’s test, F = 7.86, p = .005) the results presented are based on an alternative tvalue that compensates for the fact that the variances are not the same (Howell, 2001).
The results indicated that the mean score for the P-P group (M = 0.96, SD = 0.14) did
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not differ significantly from the P-C group (M = 0.94, SD = 0.16), t(410) = 1.85, p =
.066, η² = .01.

Table 17
Means and Standard Deviations for the Transformed Proportion of Correctly Solved
Items on Test C by Test Group and Administration Time
Time 1

Time 2

Group

n

M

SD

M

SD

P-P

537

0.96

0.14

0.96

0.14

P-C

241

0.94

0.16

0.98

0.16

Given that between group differences were not found for the average transformed
proportion correct at Time 1, an ANOVA on difference or gain scores was undertaken
to explore the effect of administration mode on examinees’ accuracy of responding. One
outlier was identified and removed from the P-P group. Overall, the mean gain score for
the P-P group (M = -.01, SD = .10) differed significantly from the P-C group (M = .04,
SD = .13), F(1, 774) = 36.53, p = .000, η² = .05. This finding suggests the presence of a
practice effect for the P-C group rather than the P-P group. Therefore, the computerised
version of Test C encouraged more accurate responding that the conventional version.

7.3.5.8 Summary of General Findings Concerning Test-Level Differences in Testtaking Behaviour by Test Mode
Overall, a comparison of the within and between group effects suggest that examinees’
test-taking behaviour differed as a function of administration mode. Concerning within
group effects, the findings suggest that participants in the P-P group exhibited a practice
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effect with examinees solving and reaching more items on the second administration
than the first. This finding was reversed for the P-C group with participants solving and
reaching significantly fewer items on the second administration than the first. Moreover,
unlike the P-P group, examinees in the P-C group omitted significantly fewer items at
Time 2 relative to Time 1. For the P-P group, however, no difference in the number of
items omitted was found across time. With regard to between group effects, apparent
differences in test-taking behaviour were not found at Time 1 when both groups
completed Test C in paper form. When comparing mean ranks on the second
examination, however, significant between-group differences were found with
participants in the P-P group reaching, albeit omitting more items than the P-C group.
Therefore, examinees in the P-P group progressed through the second examination at a
faster rate than examinees in the P-C group. When also taking into consideration the
transformed proportion of correctly solved items the results suggest that the p&p
version induced quicker and the computer version more accurate responding.

7.3.6 Examination of the Experiential Equivalence of Test C
The ATCAS was used to explore whether presenting items on a computer produced a
qualitatively different testing experience than presenting the same items in conventional
form. The scale was administered to the P-C group where comparisons between the
computerised and conventional test environments could be made. Two hundred and
thirty eight of the original 241 participants assigned to the P-C test condition completed
the ATCAS. Scores on the total ATCAS and both its CBT-Confidence and Ease of Use
sub-scales were examined for univariate outliers and normality of score distributions.
Normality of the variables was demonstrated, while no univariate outliers were detected
(Howell, 2001).
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7.3.6.1 A Comparison of Examinees Attitudes Towards the Conventional Versus
Computer-Based Version on Test C
Following the same procedure as that described in Section 6.3.6.1, a z-test for the
difference between two independent proportions was used to determine whether a
significantly greater proportion of examinees expressed more favourable attitudes
towards the CBT relative to the p&p test. The results of the independent z-tests and the
percentage of participants selecting agree (i.e., ‘agree’ or ‘strongly agree’) or disagree
(i.e., ‘strongly disagree’ or ‘disagree’) appear in Table 18. All of the z-tests in Table 18
were significant at the adjusted alpha level of p < .007 (Agresti & Finlay, 1997; Lowry,
2002b).

Of the participants taking the paper and computer versions, a significantly smaller
proportion of test-takers indicated feeling more nervous and anxious when completing
the CBT relative to the p&p test, while a significantly smaller proportion of examinees
felt more comfortable completing the test on paper than computer. Moreover, a
significantly greater proportion of test-takers found it easier to read items and answer
questions on the computer version rather than the p&p test. However, examinees found
it easier to check their answers on paper than computer as shown in Table 18. Overall, a
significantly greater proportion of examinees said that if given a choice they would
prefer to take the test on computer rather than paper in the future.
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Table 18
Proportion of Test C Examinees Selecting Agree and Disagree Responses on the ATCAS
Agree
n
(%)
41

Disagree
n
(%)
159

(17.3)

(67.1)

52

142

(22.3)

(60.9)

More comfortable completing the test.

76

120

on paper than computer.

(32.1)

(50.6)

More difficult reading item/question

47

165

on the computer than paper.

(19.7)

(69.3)

Answer questions on computer easier

123

73

than separate question sheet.

(52.1)

(30.9)

Easier to check my responses on

121

82

p&p test rather than computer.

(50.8)

(34.5)

Prefer to take a computer rather than

127

58

p&p test in the future.

(53.8)

(24.6)

Items
More nervous on computer than paper.

More anxious on computer than paper.

z

10.97

8.46

4.10

10.88

-4.67

-3.61

-6.51

Note. All z-tests significant at p < .007.

Together, these findings suggest that the conventional and computerised versions of
Test C were not experientially equivalent. The effects of these differences on test
performance are explored in Section 7.3.6.2.

7.3.6.2 Exploring the Relationship Between Experiential Factors and Performance
on Test C from a Within-Group Perspective
Pearson correlations were derived to explore whether examinees’ reactions to the CBT
differentially affected examinees’ performance on the p&p versus computerised version
of Test C. Descriptive statistics and correlations among the number of items answered
correct on Test C and scores obtained on the ATCAS and its corresponding sub-scales
are reported in Table 19.
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Table 19
Pearson Correlation Coefficients Between Scores on Test C and the ATCAS (and its
Sub-scales) for the P-C Group
Variables

M

1

2

3

4

(SD)
1. Paper

18.63

Score

(6.01)

2. Computer
Score
3. Ease of use

18.75

_

.79*

_

.09

.02

_

-.22*

-.23*

.63*

_

-.03

-.08

.95*

.84*

(5.59)
2.41
(0.87)

4. CBT-

1.85

Confidence

(0.82)

5. ATCAS

2.19

Total

(0.77)

* p < .008

Owing to the number of correlations performed, a Bonferonni adjusted alpha level of
.008 was adopted to control the Type I error rate when assessing the significance of
these correlations (Jaccard & Becker, 1997). Scores obtained on the paper and
computerised versions of Test C were unrelated to examinees’ general attitudes towards
the test-taking experience as measured by the ATCAS-Total. Likewise, perceived ease
of use was unrelated to performance on both the paper and computerised versions.
Therefore, performance on the computerised test was not adversely affected by
examinees’ negative attitudes towards operating the computerised test relative to the
paper test. As shown in Table 19, a low but significant negative relationship was found
between CBT-Confidence and performance on the CBT. However, a small although
significant association was also found between performance on the conventional test
and examinees’ confidence in taking the CBT. However, the results of a t-test for the
difference between two nonindependent correlations indicated that the relationship
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between examinees’ confidence in taking the CBT and scores on Test C were at least as
strong for the CBT as for the p&p test, t(235) = -0.17, p > .05 (Howell, 2001). Overall,
these results suggest that examinees’ reactions towards the CBT experience did not
differentially affect performance on the computer versus conventional version of Test C.

To investigate the possibility that specific aspects of the CBT experience might be
associated with test performance, the thirteen items comprising the ATCAS were
correlated with scores on the p&p and CBT. Due to normality assumption violations,
Spearman correlations were derived between items comprising the ATCAS and
performance on Test C. Descriptive statistics for participants’ responses to the ATCAS
scale items and Spearman correlations are presented in Table 20. As 26 correlations
were calculated a Bonferonni adjusted alpha level of .002 was adopted to control the
Type I error rate when assessing the significance of these correlations (Howell, 2001).

A low but significant negative correlation emerged between Item 7 and performance on
both the conventional and computerised version of Test C. There was no statistical
difference in the strength of the correlation between examinees’ responses on Item 7
and performance across administration modes, t(233) = 1.38, p >.05. Potential reasons
for the negative association between scores on the paper version of Test C and test-taker
concerns about computer experience is not readily apparent. As shown in Table 20, a
low but significant positive correlation emerged between Item 12 and performance on
both the conventional and computerised test. Likewise, it is difficult to explain why ease
of checking responses on the CBT was significantly related in a positive direction with
performance on both the p&p and CBT. The strength of the correlations did not differ
across modes, t(235) = 0.58, p >.05.
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Table 20
Descriptive Statistics and Spearman Correlation Coefficients Between Scores on Test C
and Items Comprising the ATCAS
Items

1. More nervous on computer than paper.

M

Paper

CBT

(SD)

score

score

2.08

.05

.00

-.14

-.17

-.14

-.13

-.04

-.07

.12

.06

-.19

-.18

-.26*

-.31*

.12

.06

-.15

-.16

-.14

-.15

-.06

-.08

.23*

.21*

(1.26)
2. Test instructions on computer were difficult

1.64

to understand.

(0.96)

3. Helpful if given more practice time on the

2.28

computer before starting the test.

(1.27)

4. More difficult reading item/question on the

2.07

computer than paper.

(1.28)

5. Answer questions on computer easier than

2.69

separate question sheet.

(1.40)

6. More anxious on computer than paper.

2.28
(1.33)

7. Concern about experience interfered with

1.80

performance on the CBT.

(1.15)

8. I would prefer to take a computer rather than

2.56

paper test in the future.

(1.36)

9. Computerised tests require too much

1.72

experience with computers.

(0.99)

10. I wish computerised tests did not bother me

1.70

so much.

(0.99)

11. Thinking about pressing the wrong key

1.75

interfered with by performance.

(1.06)

12. It was easier to check my responses on the

3.23

computer rather than paper test.

(1.41)

13. I felt more comfortable completing the test
2.71
.13
.06
on paper than computer.
(1.42)
Note. Due to missing values on some items, n ranged from 233 to 238 for the entire P-C sample
* p < .002
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Beyond these significant results, none of the remaining items was significantly related
to performance on either the conventional or computerised test. Overall, these findings
suggest that examinees’ reactions towards the test experience did not differentially
affect performance on the computer-based versus p&p test and thus their quantitative
equivalence.

7.3.7 Examination of the Relativity of Equivalence of Test C
Consistent with Phase 1 of Study 1, this study also examined whether computerconventional equivalency varied as a function of the individual difference variables
reported in Section 6.3.7. To this end, correlational and hierarchical regression analyses
were used to explore the association between administration mode and the same
individual difference variables examined in Phase 1 of Study 1. Hence, the possible
interactions between the individual characteristics and administration mode were
explored in a manner consistent with Section 6.3.7.1. The hierarchical regression
analyses were also repeated using residual difference scores as the dependent variable,
given that performance on the initial test accounted for a large proportion of the
variance in Time 2 scores (R = .80, adjusted R² = .64).

7.3.7.1 Preliminary Analysis: Testing Assumptions
Prior to analyses, scores obtained on the individual difference variables were examined
separately for the P-P and P-C groups and univariate outliers were identified and
removed. When assessing the normality of the variables, Physiological Symptoms as
measured by the SACS and Bodily Symptoms as measures by the RTA were found to
have nonnormal skewness and kurtosis. As a result, distribution free or nonparametric
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tests were used to examine the relation of these individual difference variables with
scores obtained on Test C.

For each separate hierarchical multiple regression analysis the ratio of cases to
independent variables was acceptable satisfying the minimal requirement of five times
more cases than independent variables (Tabachnick & Fidell, 2001). Moreover, the
assumptions regarding normality, linearity, homoscedasticity and independence of
residuals, and the assumptions of multicollinearity and singularity were satisfied. With
the use of p < .001 criterion for Mahalanobis distance a number of multivariate outliers
were found and removed from the regression analyses (Tabachnick & Fidell, 2001).

7.3.7.2 Correlations Between Performance on Test C and State Anxiety, Trait
Anxiety and Test Anxiety
Pearson correlations were derived to examine whether performance on the p&p versus
computer-based versions of Test C differed as a function of test anxiety (and its
components), state anxiety and trait anxiety. Scale means, standard deviations and
correlations among these selected individual difference variables and performance on
Test C are presented separately for the P-P and P-C group in Table 21. Owing to the
number of correlations performed a Bonferonni adjusted alpha level of .003 was
adopted to control the Type I error rate when assessing the significance of the
correlations between these individual difference variables and performance (Howell,
2001).
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Table 21
Descriptive Statistics and Correlations Among Measures of Test Anxiety, State Anxiety, Trait
Anxiety and Performance on Test C by Administration Time and Test Group
P-Pa

P-Cb

M

M

(SD)

(SD)

1. Correct

19.73

18.50

Time 1

(5.13)

(5.93)

2. Correct

22.25

18.61

Time 2

(5.71)

(5.59)

3. RTA

1.66

1.66

Worry

(0.42)

(0.43)

4. RTA

1.45

1.48

Irrelevant

(0.48)

(0.47)

5. RTA

1.93

1.95

Tension

(0.53)

(0.62)

6. State

2.12

2.02

Anxiety

(0.51)

(0.51)

7. Trait

1.56

1.60

Anxiety

(0.38)

(0.45)

Variables

1

2

3

4

5

6

7

_

.83*

-.17*

-.02

-.08

-.11

-.06

.79*

_

-.20*

-.06

-.07

-.09

-.08

-.15

-.16

_

.39*

.63*

.41*

.48*

-.01

.01

.45*

_

.26*

.17*

.31*

-.09

-.06

.72*

.34*

_

.57*

.46*

-.17

-.12

.55*

.32*

.65*

-.20

-.18

.54*

.38*

.46*

Thinking

.41*

.47*

_

Note. Correlations above the diagonal are for P-P test-takers; correlations below the diagonal are
for P-C test-takers.
a

Due to univariate outliers and missing values on some variables, n ranged from 322 to 329 for P-

P test-takers.
b

Due to univariate outliers and missing values on some variables, n ranged from 215 to 222 for

P-C test-takers.
*p < .003

For the P-C group, scores obtained on both the paper and computer versions of Test C
were unrelated to both trait anxiety and state anxiety. Moreover, performance on the
conventional and computerised versions of Test C was unrelated to the test anxiety
components of worry, irrelevant thinking and tension. Therefore, the computerconventional equivalency of Test C did not vary as a function of these individual
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difference variables. When correlations were compared between the P-P and P-C
groups, broadly similar patterns were seen across time with one notable exception. As
shown in Table 21, for the P-P group relative to the P-C group, a significant negative
association was found between test anxiety worry and performance at Times 1 and 2.
However, a z-test for the difference between two independent correlations indicated that
the correlations did not differ at Times 1 (z = -0.56, p = .575) and 2 (z = -0.56, p =.575).
Therefore, test anxiety worry was not a direct source of non-equivalence in Test C
performance.

Because the distributions for the Bodily Symptoms sub-scales of the RTA were nonnormal for both the P-P and P-C groups, Spearman correlations were calculated to
assess the relationship between performance on Test C and bodily symptoms. A nonsignificant relationship was found between Time 1 performance and test anxiety bodily
symptoms for both the P-P, rs(329) = -.01, p = .861, and P-C group, rs(221) = -.13, p =
.058. Moreover, scores on the Bodily Symptoms sub-scale were unrelated to
performance at Time 2 for both the P-P, rs(329) = -.05, p = .345) and P-C group, rs(221)
= -.13, p = .049, at the adjusted alpha level. Overall, these results suggest that test
anxiety, trait anxiety and state anxiety did not affect the equivalency of the two
administration procedures.

7.3.7.3 Interaction of Test Mode with Test Anxiety, State Anxiety and Trait Anxiety
Hierarchical regression analyses were performed to test the interaction between the
individual difference variables of interest and test mode. In the first regression model
Time 2 scores were used as the dependent variable, while initial p&p scores, test anxiety
worry, test mode, and the interaction of test anxiety worry with test mode were used as
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independent variables. Four cases with standardised residual scores greater than three
and two cases with a significant Mahalanobis distance were identified as outliers and
deleted from the analysis (Stevens, 1996). The interaction of test anxiety worry with test
mode was not significant, β = 0.02, t(532) = 1.06, p = .288. Furthermore, the inclusion
of the interaction of test anxiety worry with test mode did not significantly improve the
model fit (∆
∆R² = .00, FChange [1, 532] = 1.13, p = .288). This finding suggests that the
equivalency of the paper and computerised formats was not affected by the individual
difference variable of test anxiety worry.

As shown in Appendix D, similar analyses were performed to determine whether the
relationship between Time 2 performance and the individual difference variables of test
anxiety irrelevant thinking (Appendix D, Table 74) and tension (Appendix D, Table 75)
differed according to mode of test administration. The results indicated that none of the
interaction terms was significant. This evidence suggests that computerisedconventional equivalence was not affected by individual differences in test anxiety.

Similarly, to test whether the relationship between trait anxiety and test performance
was the same, regardless of mode of testing, the interaction of trait anxiety with test
mode was added to the regression of Test C scores on the combination of trait anxiety
and test mode. As shown in Appendix D, the interaction between test mode and trait
anxiety was not significant (Table 76). A similar result was obtained when a regression
analysis was undertaken to examine the potential interaction between state anxiety and
test mode (Appendix D, Table 77). These findings suggest that the equivalency of the
p&p and CBT forms were not affected by the individual difference characteristics of
state or trait anxiety.
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In light of Spielberger’s (1966a) state-trait theory, hierarchical regression analyses were
also used to investigate whether trait anxiety might interact with state anxiety with
respect to its association with test performance. To examine the possible interaction of
trait and state anxiety with scores obtained on the first administration, Time 1 scores
were regressed on trait anxiety scores, state anxiety scores and the mode in which the
test was administered. Next, variables were added reflecting the interaction between
trait anxiety and test mode, state anxiety and test mode and trait anxiety and state
anxiety. Finally, a variable reflecting the three-way interaction between trait anxiety,
state anxiety and test mode was added to the regression model and its contribution to
prediction tested for significance. In the present context, the three-way interaction was
entered to determine whether the individual difference variables under study interacted
with one another and with the method of presentation to account for additional variation
in test scores. Accordingly, the regression model was significantly different from zero
when all independent variables were included in the equation, R = .83, adjusted R² =
.68, F(8, 498) = 146.68, p = .000. However, the three way interaction was statistically
non-significant, β = -.05, t(498) = -1.36, p = .173, suggesting that the relationship
between test performance, trait anxiety and state anxiety did not vary across
administration conditions.

Given that Time 1 scores accounted for a significant amount of the variation in Time 2
scores, the regression analyses were repeated using standardised residual difference
scores as the dependent variable. As shown in Appendix D, none of the interaction
effects were significant when standardised residual difference scores were regressed on
the same individual difference variables, mode in which the test was administered, and
the interaction between mode of test administration and the individual difference
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variables of test anxiety worry (Appendix D, Table 78), irrelevant thinking (Appendix
D, Table 79), tension (Appendix D, Table 80) and both trait anxiety (Appendix D, Table
81) and state anxiety (Appendix D, Table 82).

7.3.7.4 Examining the Relationship Between Performance on Test C and Intrusive
Computer Thoughts
Pearson correlations were derived to determine whether scores on the two formats
covaried differently with measures of debilitative computer-specific thoughts.
Descriptive statistics and correlations among debilitative computer thoughts and
number-correct on Test C are reported separately for the P-P and P-C groups in Table
22. With respect to the P-C group, distractibility, fear and control cognitions were
unrelated to CBT performance at the Bonferonni adjusted alpha level of .003. However,
a significant negative association was found between CBT scores and the tendency to
experience worry cognitions when interacting with computers.

As shown in Table 22 a significant negative correlation was also found between
examinees’ p&p test scores and computer-specific worry cognitions. The results of a ttest for nonindependent correlations indicated that the association between computerspecific worry cognitions and performance was at least as strong for the computer
version as for the p&p test, t(215) = 0.86, p > .05 (Howell, 2001). This finding suggests
that worry cognitions did not affect the equivalency of the two administration
procedures.
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Table 22
Means, Standard Deviations and Correlations Among Measures of Computer Thoughts
and Performance on Test C by Test Group and Administration Time
P-P a

P-C b

M

M

(SD)

(SD)

1. Correct

19.73

18.50 _

Time 1

(5.13)

(5.93)

2. Correct

22.25

18.61 .79*

Time 2

(5.71)

(5.59)

2.62

2.75

(0.94)

(0.92)

1.42

1.47

(0.38)

(0.44)

2.03

2.13

(0.54)

(0.62)

1.26

1.31

(0.30)

(0.33)

1.47

1.45

Variables

3. SCS
Control
4. SCS
Fear
5. SCS
Total
6. SACS
Worry
7. SACS

Distractibility (0.41)

1

2

3

4

5

6

7

.83*

-.13

-.15

-.20*

-.20*

-.07

_

-.11

-.14

-.17*

-.20*

-.09

-.14

-.12

_

.17*

.92*

.28*

.25*

-.15

-.11

.38*

_

.51*

.29*

.27*

-.17

-.15

.92*

.69*

_

.37*

.33*

-.19

-.22*

.32*

.54*

.48*

_

.47*

-.05

-.05

.34*

.38*

.40*

.48*

_

(0.42)

Note. Correlations above the diagonal are for P-P test-takers; correlations below the diagonal are
for P-C test-takers.
a

Due to univariate outliers and missing values on some variables, n ranged from 315 to 329 for

P-P test-takers.
b

Due to univariate outliers and missing values on some variables, n ranged from 212 to 222 for

P-C test-takers.
* p < .003

When comparing the magnitude of the correlation coefficients at Time 2 from a
between-group perspective, comparable associations were found for the P-P and P-C
groups on measures of intrusive self-debilitative thoughts as measured by the SCS-Total
(z = -0.26, p = .397), control cognitions (z = -0.03, p = .488), fear cognitions (z = -0.45,
p = .326) and worry cognitions (z = 0.32, p = .374) (Howell, 2001). Since the
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relationship between these various measures were comparable across the P-P and P-C
groups, this finding suggests that debilitative thoughts did not affect the equivalency of
the two administration procedures. Taken together, this evidence suggests that
performance on the computerised version of Test C was unrelated to debilitative,
computer-specific thoughts in the form of wandering attention, worry and fear about
being able to master computers.

7.3.7.5 Interaction of Test Mode with Intrusive Computer Thoughts
When examining the interaction of computer thoughts as measured by the SCS-Total
with test mode, four multivariate outliers and three univariate outliers were found and
deleted. The interaction of computer thoughts with test mode was non-significant, β =
0.01, t(534) = 0.54, p = .590, and no significant improvement in model fit was evident
when the interaction effect was included in the regression model (∆R² = .00, FChange [1,
534] = 0.29, p = .590). This finding suggests that negative computer thoughts did not
affect computer-conventional equivalence.

As shown in Appendix D, similar albeit separate analyses were undertaken to examine
the possible interaction of test mode with the individual difference variables of control
(Appendix D, Table 83) and fear (Appendix D, Table 84) cognitions as measured by the
SCS, and worry (Appendix D, Table 85) and distractibility (Appendix D, Table 86)
cognitions as measured by the SACS. The results indicated that none of the interaction
terms were significant. Moreover, there was no indication that any of these variables
interacted in such a way as to explain any additional variation in test scores. This
finding suggests that the relationship between debilitative computer specific thoughts
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and test performance did not vary as a function of test mode. Therefore, individual
differences in computer thoughts did not contribute to non-equivalence.

Similar results were obtained when standardised residual difference scores were
regressed on the same individual difference variables, mode in which the test was
administered, and the interaction between the individual difference variable and mode
of test administration. The results shown in Appendix D indicate that the interactions of
test mode with the individual difference variables of control cognitions (Appendix D,
Table 87), fear cognitions (Appendix D, Table 88), worry (Appendix D, Table 89) and
distractibility (Appendix D, Table 90) were not significant and accounted for none of
the variance in Test C scores.

7.3.7.6 Correlations Between Performance on Test C and Computer Anxiety and
Computer Experience
Pearson correlations were derived to determine whether scores from the p&p versus
computer administrations of Test C covaried differently with scores obtained on
measures of computer anxiety and computer experience. Descriptive statistics and
correlations among computer anxiety, computer experience and performance measures
for the P-P and P-C groups are reported in Table 23.

Of primary interest with respect to relativity of equivalence is the pattern of correlations
obtained for the P-C group. As shown in Table 23, a significant negative association
was found between CBT scores and frequency of computer use. However, the results of
a t-test for nonindependent correlations indicated that the association between computer
use and performance was at least as strong for the computer version as for the p&p test,
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t(219) = 1.63, p > .05 (Howell, 2001). This finding suggests that computer use did not
affect the equivalency of the two administration procedures.

Table 23
Means, Standard Deviations and Correlations Among Computer Anxiety, Computer Experience
Measures and Performance on Test C by Test Group and Administration Time
P-Pa

P-Cb

M

M

(SD)

(SD)

1. Correct

19.73

18.50

Time 1

(5.13)

(5.93)

2. Correct

22.25

18.61

Time 2

(5.71)

(5.59)

1.76

1.89

(0.60)

(0.67)

0.69

0.64

(0.38)

(0.41)

1.52

1.38

(0.76)

(0.80)

Variables

3. CAS
Anxiety
4. Frequency
of use
5. Perceived
ability

1

2

3

4

5

_

.83*

-.15

.21*

.20*

.79*

_

-.17*

.19*

.16*

-.30*

-.31*

_

-.42*

-.45*

.15

.22*

-.36*

_

.84*

.24*

.26*

-.40*

.86*

_

Note. Correlations above the diagonal are for P-P test-takers; correlations below the
diagonal are for P-C test-takers.
a

Due to univariate outliers and missing values on some variables, n ranged from 326 to 329

for P-P test-takers.
b

Due to univariate outliers and missing values on some variables, n ranged from 221 to

222 for P-C test-takers.
* p < .004

As shown in Table 23, scores on both the p&p and CBT versions were significantly
related in a positive direction to perceived ability and in a negative direction with
computer anxiety. The results of a t-test for the difference between two nonindependent
correlations indicated that the relationship between perceived ability and scores on Test
C were at least as strong for the CBT as for the p&p test, t(219) = 0.59, p > .05 (Howell,
2001). Likewise, the relationship between computer anxiety and scores on Test C were
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at least as strong for the CBT as for the p&p test, t(219) = 0.24, p > .05. Together, these
findings suggest that neither perceived ability nor computer anxiety affected the
equivalency of the two administration procedures.

From a between group perspective, stronger correlations were reported between
computer anxiety and performance at Times 1 and 2 for the P-C group relative to the PP group. When comparisons of the correlation coefficients were made between groups,
non-significant differences were found for computer anxiety at Time 1 (z = 1.83, p =
.034) and Time 2 (z = 1.72, p = .043) at the adjusted alpha level of .025 (Lowry, 2002b).
Therefore, the relationship between computer anxiety and scores obtained on Test C
was at least as strong for the computerised version as for the paper test. Likewise, the
strength of the relationship between Time 2 performance and scores on computer use (z
= -0.43, p = .334) and perceived computer proficiency (z = -1.18, p = .119) were
comparable across groups (Lowry, 2002b). Overall, these findings suggest that
computer experience and computer anxiety were not a direct source of non-equivalence
on Test C.

7.3.7.7 Interaction of Test Mode with Computer Experience and Computer Anxiety
To test whether the relationship between computer anxiety and test performance was the
same regardless of mode of testing, an interaction term (computer anxiety × test mode)
was added to the regression of Test C scores on the combination of computer anxiety
and test mode. After the removal of three univariate and four multivariate outliers,
computer anxiety did not interact significantly with test mode, β = 0.01, t(536) = 0.56, p
= .576, sr² = .00. Furthermore, no significant improvement in model fit was evident
when including the interaction between computer anxiety and test mode (∆
∆R² = .00,
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FChange [1, 536] = 0.31, p = .576). This result suggests that the relationship between
computer anxiety and test performance (after controlling for initial p&p scores) did not
differ according to mode of test administration.

As shown in Appendix D, similar results were obtained when separate hierarchical
regression analysis were undertaken to examine the interaction of test mode with the
individual difference variables of computer use (Appendix D, Table 91) and perceived
computer proficiency (Appendix D, Table 92). Likewise, similar results were obtained
when standardised residual difference scores were regressed on the same individual
difference variables, mode in which the test was administered, and the interaction
between test mode and the individual difference variables of computer anxiety
(Appendix D, Table 93), computer use (Appendix D, Table 94), and perceived computer
proficiency (Appendix D, Table 95). Overall, this evidence suggests that the
equivalency of scores obtained on the conventional and computerised versions of Test C
were not affected by the individual difference variables of computer experience or
computer anxiety.

7.3.7.8 Summary of Findings Pertaining to the Study of Relativity of Equivalence
Overall, comparable correlations were found between the individual difference variables
of interest and scores obtained on both the conventional and computer-based version of
Test C. Likewise, none of the interactions between the selected individual difference
variables examined and administration mode reached statistical significance. These
results suggest that none of the individual difference variables of interest was a direct
source of nonequivalence on Test C.
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7.3.8 Testing the Assumptions of the CIM-CA
Consistent with Section 6.3.8.1 of Phase 1, Pearson correlations were computed among
measures of trait computer anxiety and state computer anxiety to test the hypothesis that
high trait computer anxiety would be associated with heightened state computer anxiety
in situations involving the actual or anticipated use of computers. Then, to establish the
situation-specific nature of the state-trait computer anxiety relationship, partial
correlations were derived to examine the relationship between trait computer anxiety
and state computer anxiety while adjusting for differences in test anxiety, trait anxiety
and state anxiety.

7.3.8.1 Preliminary Analysis: Testing Assumptions
Five hundred and forty nine of the original 778 participants completed the CASAnxiety, SCS and SACS. Exploratory analysis was performed to detect and remove a
number of univariate outliers on these continuous variables, including one outlying
score on the CAS-Anxiety. In light of the exploratory analysis, Physiological Symptoms
as measured by the SACS was identified as having nonnormal skewness and kurtosis.
As a result, Spearman correlations were derived to examine the relationship between
trait computer anxiety and the physiological aspect of state computer anxiety.

7.3.8.2 Examination of the Relationship Between Computer Trait and State Anxiety
Descriptive statistics and correlations among trait computer anxiety and the cognitive,
affective and behavioural components of state computer anxiety are reported in Table
24 for the entire test-taking sample. All of the correlations presented in Table 24 were
significant at an adjusted alpha level of .007. The overall correlational patterns for the
entire test-taking sample were in the anticipated direction.
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Table 24
Correlations Between Trait Computer Anxiety and State Computer Anxiety for the
Entire Sample of Test C Examinees
Variables

M

1

2

3

4

5

6

7

(SD)
1. CAS

1.81

Anxiety

(0.63)

2. SCS

2.67

Control

(0.93)

3. SCS

1.44

Fear

(0.41)

4. SCS

2.06

Total

(0.57)

5. SACS

1.28

Worry

(0.31)

6. SACS

1.46

_

.55

_

.36

.26

_

.59

.92

.59

_

.42

.30

.42

.43

_

.26

.29

.32

.35

.47

_

-.52

-.59

-.30

-.60

-.46

-.29

_

.19

.15

.32

.24

.48

.33

-.23

Distractibility (0.41)
7. SACS

2.91

Happiness

(0.69)

8. SACS

1.18

Physiological (0.26)
Symptoms ª
Note. Due to univariate outliers and missing values on some variables, n ranged from 533 to 547
for the entire test-taking sample. All correlations significant at p < .007
ª Spearman correlations

Specifically, a moderate positive relationship was found between trait computer anxiety
and negative self-related thoughts about ones’ ability to master computers as measured
by the SCS-Total and its fear and control sub-scales. As shown in Table 24, trait
computer anxiety relates more strongly to the worry component of state anxiety than the
distractibility component. Moreover, a small but significant relationship was found
between the physiological symptoms or somatic component and trait computer anxiety.
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Overall, the present findings suggest that trait computer anxiety was related to
heightened state computer anxiety in computing situations.

In demonstrating the situation-specific nature of the state-trait computer anxiety
relationship, partial correlations were derived to examine the relationship between trait
computer anxiety and state computer anxiety while adjusting for differences in test
anxiety, trait anxiety and state anxiety. These partial correlations are presented in Table
25.

Table 25
Pearson Correlation Coefficients and Partial Correlations Between Computer
Thoughts, Trait and State Computer Anxiety for the Entire Sample of Test C Examinees
CAS
Anxiety
1. SCS

.55

Partial
controlling for
test anxiety
.52

Partial
controlling for
trait anxiety
.49

Partial
controlling for
state anxiety
.53

Control

n = 546

n = 535

n = 538

n = 541

2. SCS

.36

.31

.27

.34

Fear

n = 536

n = 526

n = 530

n = 531

3. SCS

.59

.55

.52

.58

Total

n = 544

n = 533

n = 537

n = 539

4. SCA

.42

.36

.34

.40

Worry

n = 541

n = 530

n = 534

n = 536

5. SCA

.26

.19

.16

.24

Distractibility

n = 541

n = 531

n = 534

n = 536

6. SCA

-.52

-.48

-.44

-.50

Happiness

n = 545

n = 534

n = 537

n = 540

Note. All correlations significant at p < .003

All of the correlations between computer anxiety and the cognitive and affective aspects
of state computer anxiety remained significant at p < .003 when controlling for the
effect of state anxiety, trait anxiety and test anxiety. This finding suggests that the state
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anxiety reactions as measured by the SACS and SCS-Total, constitute situation specific
responses that occur independent of other anxieties such as test anxiety, trait anxiety or
state anxiety.

7.3.8.3 Relationship Among Computer Anxiety, Computer Thoughts and
Performance Effectiveness
Consistent with Section 6.3.8.2, a set of regression equations was computed using
performance data for the P-C group to test Hypothesis 3 and Hypothesis 4 (See Section
5.4). Figure 7 shows a schematic model for testing the mediation of computer thoughts
on the computer anxiety-performance relationship where performance is operationalised
in term of number-correct on the computerised version of Test C.

Self-debilitative
computer thoughts
β = -.15*
β = .60***

Computer
anxiety

Performance
effectiveness
(number-correct)
β = -.33***

Figure 7. Mediation of computer anxiety by computer thoughts for number-correct on Test C.
*p <.05; *** p <.001
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At Step 1, when self-debilitative computer thoughts were regressed on computer
anxiety, the regression model was significantly different from zero, R = .60, adjusted R²
= .35, F(1, 216) = 118.83, p = .000, and computer anxiety was a significant predictor, β
=.60, t(189) = 10.90, p = .000. At Step 2 when number-correct on the CBT was
regressed on debilitative computer thoughts the regression model was significantly
difference from zero, R = .15, adjusted R² = .02, F(1, 216) = 4.92, p = .028, and
computer thoughts was found to be a significant predictor of CBT scores, β = -.15,
t(216) = -2.22, p = .028.

When computer anxiety was added as the sole predictor it was significant, β = -.31,
t(219) = -4.86, p = .000, and the regression model was significantly different from zero,
R = .31, adjusted R² = .09, F(1, 219) = 23.58, p = .000. When computer thoughts was
added to the equation it was non-significant, β = -.05, t(215) = 0.58, p = .566, and the
main effect of computer anxiety on test performance remained significant, β = -.33,
t(214) = -4.06, p = .000. The regression model was significantly different from zero
after this final step, R = .30, adjusted R² = .08, F(2, 215) = 10.88, p = .000.

The results of the second regression model supported Hypothesis 3, which postulated
that performance effectiveness would be impeded among trait computer anxious
examinees. Specifically, when trait computer anxiety was entered into the equation at
Step 2, it was a significant predictor and accounted for 9% of the variance in
performance effectiveness. Therefore, a negative association was found between
computer anxiety and performance effectiveness (i.e., number-correct).
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Support was not found for Hypothesis 4, which stated, in part, that intrusive selfdebilitative thoughts would mediate the negative main effect of trait computer anxiety
on performance effectiveness (i.e., number-correct). Taken collectively, the results from
the set of regression analyses demonstrated that the main effect of computer anxiety on
performance effectiveness remained significant when controlling for negative selfdebilitative thoughts. Therefore, contrary to expectation, intrusive self-debilitative
thoughts did not mediate the negative main effect of trait computer anxiety on CBT
performance when operationalised in terms of number-correct.

7.3.8.4 Relationship Among Computer Anxiety, Computer Thoughts and
Performance Efficiency
Consistent with Section 6.3.8.3, a set of regression equations was also computed to test
Hypothesis 2 and Hypothesis 4 (see Section 5.4). A schematic model for testing the
mediation of computer thoughts on the computer anxiety-performance efficiency
relationship is depicted in Figure 8.

At Step 1, when self-debilitative computer thoughts was regressed on computer anxiety
the regression model was significantly different from zero, R = .60, adjusted R² = .35,
F(1, 216) = 118.83, p = .000, and computer anxiety was a significant predictor, β =.60,
t(189) = 10.90, p = .000. At Step 2, when number-solved on the CBT was regressed on
debilitative computer thoughts, the regression model differed significantly from zero, R
= .20, adjusted R² = .04, F(1, 216) = 9.23, p = .000, and computer thoughts was found to
be a significant predictor of CBT scores, β = -.20, t(216) = -3.04, p = .003.
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Self-debilitative
computer thoughts
β =.60***

β = -.20**

Computer
anxiety

Performance
efficiency (i.e.,
number-solved)
β = -.23**

Figure 8. Mediation of computer anxiety by computer thoughts for number-solved on Test C.
**p < .01; ***p < .001

When computer anxiety was added as the sole predictor it was significant, β = -.29,
t(219) = -4.40, p = .000, and the regression model was significantly different from zero,
R = .29, adjusted R² = .08, F(1, 219) = 19.36, p = .000. When computer thoughts was
added to the equation at Step 3, it was non-significant, β = -.07, t(214) = -0.81, p = .419,
while the main effect of computer anxiety on test performance remained significant, β =
-.23, t(215) = -2.80, p = .006. The regression model differed significantly from zero
when both computer anxiety and computer thoughts were included in the regression
model, R = .27, adjusted R² = .07, F(2, 215) = 8.68, p = .000. This pattern of effects
suggests that negative self-debilitative thoughts did not mediate the negative main effect
of computer anxiety on performance efficiency.

The results of the second regression model supported Hypothesis 2, which postulated
that performance efficiency would be impeded among trait computer anxious
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examinees. Specifically, when trait computer anxiety was entered into the equation at
Step 2, it was a significant predictor and accounted for 8% of the variance in
performance efficiency. Moreover, the regression coefficient suggests that for each oneunit increase in computerised test scores we expect a two and a half point decrement in
trait computer anxiety scores. Therefore, a negative association was found between
computer anxiety and performance efficiency (i.e., number-solved).

However, support was not found for Hypothesis 4, which stated that intrusive selfdebilitative thoughts would mediate the negative main effect of trait computer anxiety
on performance efficiency (i.e., number-solved). Taken collectively, the results from the
set of regression analysis demonstrated that the main effect of computer anxiety on
performance efficiency remained significant when controlling for negative selfdebilitative thoughts. Therefore, contrary to expectation, intrusive self-debilitative
thoughts did not mediate the negative main effect of trait computer anxiety on CBT
performance when operationalised in terms of number-solved.

7.4 Summary and Commentary of Findings for Phase 2 of Study 1
7.4.1 Findings Pertaining to the Study of the Psychometric Equivalence
The equivalence of the computerised and paper versions of Test C was investigated by
comparing the rank order, mean, dispersion and distribution of scores across test modes.
Concerning the relative ranking of scores, the pattern of within-mode correlations for
the P-P formats was similar to the cross-mode correlations for the P-C formats
suggesting that the p&p and computer-based forms were measuring similar traits (Mead
& Drasgow, 1993). However, subsequent analyses revealed that performance on Test C
was differentially affected by test administration mode. Specifically, test scores on the
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computer-based and p&p versions differed in terms of score distribution, while mean
differences of statistical and practical significant were found on the computerised and
p&p forms. Overall, the present findings suggest that performance on Test C was
differentially affected by mode of test administration. Hence, the computer and
conventional modes were not psychometrically equivalent. (Note: As shown in
Appendix E, similar results were obtained when a smaller random sample was drawn
from the original sample in order to detect a medium effect of .25 at an alpha level of
.05 and a power level of .99).

7.4.2 Findings Pertaining to the Study of Behavioural Equivalence
A further aim of this study was to examine whether computer-based assessment affected
the validity of measurement by evoking changes in examinees test-taking behaviour.
Consistent with Phase 1, this aim was achieved by comparing item omit and
speededness patterns across modes. The results indicated that the computer as compared
with the p&p version of Test C produced different levels of speed and accuracy. The
smaller number of items solved and the greater number of items not-reached on the
computerised test suggests that the computerised version encouraged slower responding.
However, the higher proportion of correctly solved items on the computer test also
suggests that this version encouraged more accurate responding than the p&p version.
The slower and more accurate rate of responding on the computerised version of Test C
may have been generated by differences in test-taking strategy brought about by
differences in item presentation. As discussed at length in Section 9.3, some researchers
have speculated that differences in item presentation (i.e., one item on the computer
screen vs. several on the p&p test) may encourage test-takers to focus more attention on
a specific item before progressing to the next (Bugbee, 1996). In accordance with this
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position, the fewer number of omitted items on the computerised test suggests that
respondents were more likely to provide a response to an item before progressing to the
next. It could be speculated that in presenting one item on the screen at any given time
respondents focused more attention on the item and thus spent more time trying to
provide a correct answer before progressing to the next question on the computerised
test. This change in test-taking behaviour may also account for the more accurate
responding on the computerised test. Hence, the present findings suggest that formatting
differences may change the examinees test-taking behaviour such that performance on a
computer and a p&p test may differ (Note: Appendix E shows that similar results were
obtained when using small and equal sample sizes).

7.4.3 Findings Pertaining to the Study of Experiential Equivalence
Consistent with Phase 1, the ATCAS was employed to examine the experiential
equivalence of Test C. In addition, the direct effect of examinees’ attitudes towards
computerised testing on test equivalence was explored by correlating examinees test
scores with scores obtained on the ATCAS and its sub-scales. The results indicated that
examinees’ attitudinal and emotional reactions towards the CBT were more favourable
than the p&p test. Consistent with Phase 1, significantly fewer examinees exposed to
both test modes indicated feeling more nervous and anxious when completing the test
on computer than on paper, while significantly fewer examinees felt more comfortable
completing the test on paper than computer. As a result, a significantly greater
proportion of examinees said that if given a choice they would prefer to take the test on
computer than p&p in the future. These findings suggest that a qualitatively different
test experience was created when transferring Test C from paper to computer, thus
affecting the experiential equivalence of the conventional and computer-based test
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formats. However, as found in Phase 1, examinees’ reactions towards the computerised
testing experience did not differentially affect performance on the computer-based
versus p&p test and thus their quantitative equivalence.

7.4.4 Findings Pertaining to the Study of Relativity of Equivalence
This study also explored the equivalency of Test C in terms of individual difference
aspects. To provide a comprehensive and systematic investigation of possible individual
differences that may affect equivalency the same variables and analyses were adopted
from Phase 1 (i.e., test anxiety and its components, trait anxiety, state anxiety, computer
thoughts, trait computer anxiety, state computer anxiety, computer experience). Overall,
the results from the correlational and hierarchical regression analyses suggest that the
relationship between performance on Test C and the individual difference variables of
interest did not differ according to mode of test administration. In Section 9.3, the
sample employed is again offered as a potential explanation for the non-significant
results.

7.4.5 Conceptualisation of Computer Anxiety from a State-Trait Perspective
In accordance with the findings reported in Section 6.3.8, the results of Phase 2
indicated that examinees’ trait computer anxiety was positively associated with more
frequent self-deprecatory thoughts, worry, distractibility and heightened emotionality
when interacting with computers. The strength of the relationship between trait and state
computer anxiety was basically unchanged when partialling out the effects of trait
anxiety, state anxiety and test anxiety. This result provides further support for the
situation specificity of trait computer anxiety. Thus in accordance with the CIM-CA,
computer anxiety as a situation-specific trait was characterised by the individual’s
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disposition to react with extensive worry, self-deprecatory thoughts, and physiological
arousal when interacting with computers (Deane et al. 1995; McInerney et al., 1999).

7.4.6 Computer Anxiety-Performance Relationship
The CIM-CA postulates that the adverse effect of computer anxiety on computer-based
performance may arise because these intrusive thoughts consume resources in the
working memory system. In accordance with Phase 1, this study was also designed to
investigate the relationship between computer anxiety and CBT from a cognitive
processing perspective. This aim was achieved by exploring the potentially mediating
role of computer thoughts on the computer-anxiety performance relationship. Contrary
to the findings reported in Phase 1, computer thoughts did not mediate that negative
main effect of computer anxiety on performance effectiveness when operationalised in
terms of number-correct (i.e., performance effectiveness). Likewise, computer thoughts
did not mediate the negative main effect of computer anxiety on computer-based
performance when operationalised in terms of the number of items solved (i.e.,
performance efficiency). However, the present findings were not completely unexpected
given the sample employed. Overall, the participants reported moderate to high levels of
computer experience and felt comfortable using computers (i.e., low computer anxiety).
Future research is needed to examine the effect of human-computer factors on CBT
performance using a more diverse population, to confirm that the findings reported
herein are stable across larger and less “computer literate” populations. Other potential
explanations for these null results including the confounding effect of formatting
differences and mathematics anxiety on the computer anxiety-performance relationship
are discussed in Chapter 9 (Section 9.6).
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Overall, the results obtained for Phase 2 of Study 1 indicated that the computerised and
conventional versions of Test C differed in terms of psychometric, behavioural and
experiential aspects. Hence, the present findings provide further evidence to suggest that
the generalisation of CBT scores to those obtained on p&p tests require a thorough
investigation of all four equivalency criteria. It is important to note, however, that
practical organisational constraints facilitated the use of a repeated measures mixed
design where the second administration phase occurred immediately after the initial test
phase. Consensus pertaining to the use of this design was based on the advantages
associated with effectively accessing individuals within their naturalistic setting.
Accordingly, Study 1 provided a unique opportunity to acquire “real-world” data
collected in “high-stakes” test conditions. However, a limitation of the research design
was that examinees’ performance on the computerised test was also influenced by a
retest or practice effect. Although the P-P group was included to help isolate and
quantify this retest effect, any effects due to mode and/or retest could not be clearly
delineated (Schaeffer et al., 1993). In light of these limitations, Study 2 employed a testretest design that was completely crossed with four mode-of-administration treatments
and a longer time lapse between test administrations. Hence, Study 2 was conducted to
provide data that was directly comparable to the APA (1986) guidelines.
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CHAPTER EIGHT: Exploring the Equivalence of the ACER-AQ
Using a Student Sample
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8.1 Aims of Study 2
Study 2 was designed to investigate the equivalence of the ACER-AQ (ACER, 1978) in
terms of psychometric, behavioural, experiential and individual difference aspects (i.e.,
relativity of equivalence). To the author’s knowledge, no research to date has used an
Australian university population to examine the equivalency of the ACER-AQ in terms
of all four criteria. Based on Honaker’s (1988) recommendations, and in accordance
with the APA (1986) guidelines, a four-group, counterbalanced, repeated measures
design was employed to provide a more complete and less confounded evaluation of the
equivalency criteria. Moreover, by utilising this design Study 2 provides an opportunity
to test for order effects by using the counterbalanced groups to examine potential
differences in the means, distribution and dispersion of scores as a function of
administration time. In light of the student sample employed, and given the scope of the
thesis, the theoretical postulates of the CIM-CA were not examined in this study.
However, by exploring the interaction between administration mode and the same
individual difference characteristics used in Study 1, this second study contributes to the
systematic investigation of individual differences that may affect test equivalence.

8.2 Method
8.2.1 Participants
The participants in this study were 180 psychology undergraduates. Seven participants
had missing data on the ACER-AQ because they did not complete the second
examination. Since test score information could not be matched across time these
participants were dropped from the study resulting in a sample size of 173. The sample
consisted of 44 males (25.40 %) and 124 females (71.70 %). Five participants did not
report sex (2.90 %). The sex ratio is typical of a psychology student population in
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Australian universities (Smith & Caputi, 2001; Smith et al., 1999). The age of the
sample ranged from 18 to 56 years with a mean age of 23.27 years (SD = 7.32). The
mean age for females was 23 years (SD = 6.71, Range = 18 to 56 years), while the mean
age for males was 24.02 years (SD = 8.84, Range = 18 to 53 years).

8.2.2 Instruments
The following measures were used to assess general ability and individual difference
characteristics. These measures are described in Sections 5.5 and 5.6.
•

Amount of Experience Scale.

•

Attitude Towards Computerised Assessment Scale (ATCAS).

•

Computer Anxiety sub-scale (CAS-Anxiety).

•

Computer Usage Scale (CUS).

•

Conventional and computerised versions of the ACER-AQ (ACER, 1978).

•

Information sheet designed to measure background information such as age, gender,
level of education and ethnicity.

•

Multidimensional Test Anxiety Scale (MTAS).

•

Perceived Computer Proficiency Scale (PCPS).

•

Sense of Control Scale (SCS).

•

Six-item short form of the State-Trait Anxiety Inventory (STAI-6).

•

State Anxiety in Computing Situations Scale (SACS).

•

Trait Anxiety sub-scale of the State-Trait Personality Inventory (STAI-Trait).

8.2.3 Research Design
A four-group, counterbalanced, repeated measures design was used to examine the
computerised-conventional equivalency of the ACER-AQ. Participants were randomly
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allocated to one of four test groups. The paper-to-computer group (P-C) completed the
paper version on the first administration and the computerised version on the second
administration, while the computer-to-paper group (C-P) completed the computerised
version followed by the paper version. The computer-to-computer group (C-C) was
administered the computerised version of the ACER-AQ on both test occasions, while
the paper-to-paper group (P-P) completed the paper version on both administrations.
Hence, all participants were tested on two occasions with a time lapse of three weeks
between repeated testing sessions (mean days = 21.06, SD = 0.89).

A greater number of participants were assigned to the counterbalanced groups (P-C and
C-P) than the repeated measures groups (P-P and C-C) in this study. A number of
factors contributed to this outcome. First, the rate of data collection was constrained by
the fact that students’ participation was voluntary. Response rates were also hindered as
students were awarded higher course credit for participating in other Honours and/or
Postgraduate research projects. The time available for testing was also restricted
somewhat by students’ timetables, workloads and mid-session and annual recesses.
Given the research objectives at hand (i.e., demonstrate equivalency), and the time
limitations imposed, a greater number of participants were assigned to the
counterbalanced groups to increase the statistical power of the tests performed (Bausell
& Li, 2002). The sample size for the repeated measures conditions, on the other hand,
was considered adequate given that the main purpose of these groups were to isolate and
quantify retest effects and to derive reliability estimates of the two modes (Honaker,
1988; Schaeffer et al., 1993).
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8.2.4 Procedure
Data Collection
Participants were recruited via advertisements posted on a psychology undergraduate
notice board. Participants were tested in groups of five or less at any given time. During
the initial test phase all participants received a standardised set of instructions outlining
the test protocol and were asked to sign a form of consent. Participants were then
randomly assigned to either a p&p or CBT condition.

During the initial stages of the p&p test condition participants were administered the
ACER-AQ in paper form and the STAI-6. Participants were asked to generate and
record a four-digit identification number on both the questionnaire and examination
paper. The test administrator then outlined examination protocol and led the group
through six trial questions based on a standardised script taken from the ACER manual
(ACER, 1982). The STAI-6 was then completed before testing commenced. Participants
were allocated 20 minutes to complete the ACER-AQ as monitored by a stopwatch.
Calculators were not permitted, but test-takers were encouraged to write on the test
booklets to assist in their calculations. Once the 20 minutes had elapsed the test
administrator collected both the examination paper and STAI-6 questionnaire. In return,
questionnaire booklets were administered and retest times scheduled. Participants
agreed to complete and return the booklet of surveys on the scheduled retest date.

In comparison, participants in the computer condition were assigned to one of four
computer terminals located in the test laboratory. Positioned next to each terminal were
the STAI-6 and a blank sheet of paper that could be used for generating solutions. Thus
as in the p&p test condition participants were encouraged to use working-out paper in

227

their calculations. The test administrator requested that participants generate and record
a four-digit identification number by using the keyboard to type the digits into the
computer. This number was also written at the top of the STAI-6 questionnaire.
Participants were then asked to work through a set of standard test instructions
presented on the computer followed by a set of practice questions. They were further
instructed to complete the STAI-6 before commencing the actual test by selecting the
“Start Test” button. During the actual test a countdown timer displaying minutes only
was positioned at the bottom right-hand corner of the computer screen. The computer
automatically terminated the test session when time had elapsed. At the end of the first
test session participants were administered a take home questionnaire booklet and a
second test date was scheduled.

The second test phase followed the same procedure as the first with one notable
exception. Participants assigned to either the P-C or C-P condition completed the
ATCAS at the end of the test session. Subsequently, questionnaire booklets were
collected from all participants, confidentially issues were then addressed, and student
participation cards were signed.

8.3 Results
8.3.1 Sample Characteristics
Of the 54 participants randomly assigned to the P-C condition, 40 were female and 10
were male. The age range of participants was 18 to 43 years (mean age = 22.44, SD =
5.92). Four participants did not report demographic information. Of the 50 participants
randomly assigned to the C-P condition, 33 were female and 16 were male. Age ranged
from 18 to 48 years (mean age = 23.14, SD = 7.15). One participant did not report
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demographic information. Of the 36 participants randomly assigned to the P-P
condition, 27 were female and 9 were male. Participants’ age ranged from 18 to 53
years (mean age = 24.69, SD = 9.15). Of the 33 participants randomly assigned to the CC condition, 24 were female and 9 were male. The age range of participants was 18 to
56 years (mean age = 23.16, SD = 7.36).

A total of 151 participants returned the questionnaire booklet. Data were usable for
slightly fewer participants on some questionnaires due to incomplete or missing
responses. Results from a set of chi-square analyses (See Appendix F, Table 101)
indicated that, with the exception of computer knowledge, all four test groups were
similar with respect to background characteristics and level of computer experience.

8.3.2 Preliminary Analyses: Design Issues and Testing Assumptions
Prior to conducting the main analyses performance on the ACER-AQ (i.e., numbercorrect, gain scores, residual difference scores) was evaluated for normality and
univariate outliers for each of the four tests. Likewise, scores on various measures of
test-taking behaviour (i.e., number of items solved, item omits, not-reached items and
transformed proportion correct) were also examined for normality and univariate
outliers (Tabachnick & Fidell, 2001). The measures of item omit patterns (i.e., number
of items not-reached and omitted) were found to have nonnormal skewness and kurtosis
and thus nonparametric tests were used to examine that effect of administration mode
on item omit patterns as a function of test group and administration time.

8.3.3 Reliability Analyses of the Instruments
Reliability coefficients for the various anxiety, computer thoughts and computer usage
measures for the entire test-taking sample and for each of the four test-taking groups are
229

reported in Appendix F, Table 102. The reliability coefficients for the entire test-taking
sample ranged from .78 (for the CUS) to .94 (for the MTAS-Total and its worry subscale). Reliability coefficients were in the range of .71 to .94 for the P-C group, .67 to
.93 for the C-P group, .74 to .96 for the P-P group, and .74 to .96 for the C-C group. The
scales were reliable across all four-test groups with two notable exceptions. For the C-P
group the reliability coefficients for the SACS-Distractibility and SACS-Physiological
Symptoms sub-scales were lower than .70. The results based on these latter scales
should be interpreted with caution given that the reliability coefficients fell below .70.
However, the reliabilities were considered acceptable within this research (Nunnally,
1967).

8.3.4 Psychometric Equivalence of the ACER-AQ: Four Group Perspective
8.3.4.1 Test of Equality of Scale Means
The first criterion for demonstrating test equivalence is equality of scale means. Table
26 presents means and standard deviations for number-correct on the computer and p&p
versions of the ACER-AQ by test group and administration time.

Table 26
Means and Standard Deviations for Number-Correct the ACER-AQ by Test Group and
Administration Time
Time 1

Time 2

Group

n

M

SD

M

SD

P-C

54

9.11

4.21

10.61

4.33

C-P

50

10.26

3.94

12.06

4.81

P-P

36

9.39

3.19

11.33

4.32

C-C

33

10.45

4.07

12.21

4.32
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Table 26 shows that examinees in each of the test groups achieved higher scores on the
second form of the examination after practice on the first, irrespective of administration
mode. However, a smaller practice effect was evident for the P-C group relative to the
other test groups. Thus a 2 × 4 repeated measures ANOVA was performed to test
whether the four groups demonstrated a similar increase in performance across time.
Administration time (first administration vs. second administration) was the withinsubject factor and test group (P-P vs. P-C vs. C-C vs. C-P) was the between subject
factor. The main effect for test group, F(3, 169) = 1.37, p = .255. η² = .024, and the
interaction effect, F(3, 169) = 0.22, p = .883, η² = .004, did not reach statistical
significance. However, a significant main effect for administration time was found, F(1,
270) = 69.65, p = .000, η² = .29. The results indicated that scores obtained on the
second administration were significantly higher than scores obtained on the initial
administration (mean difference = 1.75, SE = 0.21, p = .000). This result is what one
would expect if a practice effect and no mode of administration effect was present.

The effect of administration mode on test performance was also explored by performing
an ANOVA on residual difference scores. Residual difference scores were calculated as
described in Section 6.3.5.4. Although a negative mean residual difference score was
obtained for the P-C group (M = -0.28, SD = 2.82) relative to the P-P (M = 0.17, SD =
2.57), C-C (M = 0.09, SD = 1.87), and C-P (M = 0.11, SD = 3.03) groups, the difference
in mean scores was not significant, F(3, 169) = 0.30, p = .829, η² = .005. Therefore
examinees in all four test groups achieved scores on the second administration that were
commensurate with their performance on the initial test. Again this finding is essentially
what one would expect if no mode-of-administration effect were present.
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8.3.4.2 Test of Equality of Scale Variances
The ACER-AQ distributions were evaluated with respect to dispersion. Of primary
interest were the within-group comparisons in the P-C and C-P groups where crossmode differences were compared within individuals under both administration
conditions (Harrell et al., 1987). With regard to P-C scores the results of the dependent
t-test indicated that scores on the p&p test (σ² = 17.76) and CBT (σ² = 18.77) did not
differ significantly in the magnitude of their score variances, t(52) = -0.31, p >.05. For
the C-P group, however, the computerised (σ² = 15.50) and p&p scores (σ² = 23.16)
were found to differ significantly in the magnitude of their scale variance, t(48) = -2.24,
p <.05.

Contrasting findings were also found for the P-P and C-C groups. For the P-P group, the
dependent t-test for the variances yielded a statistically significant difference, t(34) = 3.14, p < .05. Therefore, p&p scores on the first (σ² = 10.19) and second (σ² = 18.69)
test administration differed significantly in the magnitude of their scale variance. For
the C-C group, however, scores on the first (σ² = 16.57) and second administration of
the CBT (σ² = 18.67) did not differ significantly in the magnitude of their scale
variance, t(31) = -0.76, p >.05. Overall, this pattern of results suggests that a test order
effect was present with the second administration of the p&p test yielding greater
variability for both the P-P and C-P groups. Consequently, the cross-mode difference in
score variability obtained for the C-P group should be interpreted with caution as this
may reflect a test order effect as much as a mode of administration effect.

Differences between group variances were analysed across all four-test groups at Times
1 and 2 using the F-test for equality of independent variances (Kirk, 1984). Table 27
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presents the significance of each difference in variance by test group and administration
time.

Table 27
F-Test for Equality of Variances (Independent Samples) by Test Group and
Administration Time
Test Group

F-test

F-test

Time 1

Time 2

P-P

P-C

F(53, 35) = 1.74*

F(53, 35) = 1.00

P-P

C-C

F(32, 35) = 1.63

F(35, 32) = 1.00

P-P

C-P

F(49, 35) = 1.52

F(49, 35) = 1.24

C-C

C-P

F(32, 49) = 1.07

F(49, 32) = 1.24

C-C

P-C

F(47,32) = 1.07

F(47,32) = 1.01

P-C

C-P

F(53, 49) = 1.15

F(53, 49) = 1.23

* p < .05

As shown in Table 27, the score variances were comparable across groups at Times 1
and 2 with one notable exception. At Time 1 the score variance for the P-P group (σ² =
10.19) was significantly smaller than the score variance for the P-C group (σ² = 17.76),
F(47, 35) = 1.74, p < .05. This result is not indicative of a mode of administration effect
given that differences in score variability were limited to those groups administered the
p&p test first.

8.3.4.3 Comparison of Score Distributions
Differences between these empirical distributions of the test scores were examined
using the Kolmogorov-Smirnov test (Chin et al., 1991). A comparison of the empirical
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distributions of the test scores at Time 1 for the P-C and C-P groups were nonsignificant, D = 0.88, p = .422. Similar results were obtained when comparing the
empirical distributions of the test scores for the P-C and C-C groups, D = 0.95, p = .334,
and the C-P and P-P groups, D = 0.62, p = .837, the P-P and C-C groups, D = 0.52, p =
.947, C-P and C-C groups, D = 0.30, p = .100, and the P-P and P-C groups, D = 0.43, p
= .933.

Identical analyses were performed using Time 2 scores. Tests between the empirical
distributions of scores for the P-C and C-P groups again yielded no significant
difference, D = 1.00, p = .270. Similar results were obtained when comparing the
empirical distributions of the test scores for the P-C and C-C groups, D = 0.75, p = .633,
the C-P and P-P groups, D = 0.54, p = .929, the P-P and C-C groups, D = 0.49, p = .969,
C-P and C-C groups, D = 0.52, p = .946, and the P-P and P-C groups, D = 0.60, p =
.861. Therefore, score distributions on the conventional and computerised versions of
the ACER-AQ were equivalent.

8.3.4.4 Rank Order of ACER -AQ Scores
Pearson correlation coefficients were derived to assess the similarity of the rankings of
examinees across forms. The ranking of individual scores in the counterbalanced groups
relative to the P-P group was of primary interest. Hence, the C-P and P-C correlations
were compared directly with the P-P correlation to see if rankings across forms were
maintained at a level commensurate with that expected by the reliability of the
conventional test (Honaker, 1988).
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With respect to the counterbalanced groups, the correlation between total examination
scores on the p&p and CBT was .77 (p < .001; CI = .63 to .86) for the P-C group and
.78 (p < .001; CI = .64 to .87) for the C-P group, respectively. In comparison, the
correlation between the two p&p formats of the ACER-AQ was found to be .82 (p <
.001; CI = .67 to .90). The z-test for the differences between two independent
correlations was used to assess whether the test-retest correlations obtained for the P-C
and C-P groups differed significantly from the correlation obtained for the P-P group
(Howell, 2001). The results indicated that the test-retest correlation for the P-P group
did not differ significantly from the test-retest correlation obtained for the P-C group, z
= -0.54, p > .05, or the C-P group, z = -0.45, p > .05. Therefore, the within-mode
correlation for the P-P group was similar to the pattern of between mode correlations for
the P-C and C-P groups. This result provides some support for qualitative equivalence
of the two test versions.

In addition, the C-C correlation provides an estimate of the reliability of the computer
version that also can be compared directly to the test-retest correlation obtained for the
P-P group. The results of this analyses revealed that the test-retest correlation for the PP group did not differ significantly from that of the C-C group, z = -1.35, p > .05.

8.3.4.5 Summary of Psychometric Equivalence From a Four Group Perspective
The results of the four-group analysis demonstrated that the computer-based and p&p
versions of the ACER-AQ were psychometrically equivalent. Specifically, the pattern of
cross-mode correlations for the P-C and C-P groups were comparable to the pattern of
within-mode correlations obtained for the P-P and C-C groups. This finding suggests
that the p&p and computer-based forms of the ACER-AQ are measuring similar traits
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(Neuman & Baydoun, 1998). Moreover, mean differences of statistical significance
were not found across the p&p and CBT forms. Rather, for each of the test groups the
mean score for the second administration was higher than the mean score for the first
administration, which suggests that a practice effect was occurring irrespective of test
mode. In addition, the computerised and conventional tests were equivalent in terms of
score distribution. However, cross-mode differences in score variability were found for
the C-P group rather than P-C group. A similar pattern of results was obtained for the PP group with p&p scores showing greater variability at Time 2 relative to Time 1. Thus,
a test order effect was found for the p&p test with the second administration yielding
greater variability than the initial administration for both the P-P and C-P groups.
Hence, the cross-mode difference in score variability obtained for the C-P group
appeared to reflect a test order effect as much as a mode of administration effect. In
light of this order effect, the present findings suggest that scores obtained on the p&p
and CBT versions of the ACER-AQ were essentially equivalent.

8.3.5 Examination of the Behavioural Equivalence of the ACER-AQ: Four Group
Perspective
Indices of test speededness and item omit patterns used in Study 1 (see Section 6.3.5)
were employed in the present study to examine the effect of administration mode on
examinees’ test-taking behaviour. In addition, the potential effect of these strategy
differences on test performance was explored by comparing the average transformed
proportion of correctly solved items across test groups (P-P, C-C, P-C, C-C) and
administration time (first administration vs. second administration).
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8.3.5.1 Variance Index of Speededness
The speededness ratio was calculated by dividing the not-reached variance by the total
score variance on the ACER-AQ. Table 28 reports the change in the speededness ratio
across time for each of the four test groups. The speededness ratios obtained at Time 1
suggests that the ACER-AQ, in both conventional and computerised form, is
considerably speeded. At Time 1 the speededness ratio for the C-P group was lower
than the other groups, while the speededness ratio for the P-P group was considerably
higher than the other groups. Examinees in the P-C and C-C groups, on the other hand,
appeared to progress through the initial test at a commensurate speed. Therefore,
examinees in the C-P group progressed through the test at a faster rate than the other test
groups, while examinees in the P-P group progressed through the test at a considerably
slower rate than the other test groups.

Table 28
Change in the Variance Index of Speededness by Test Group and Administration Time
Test Group

Time 1

Time 2

Difference

P-C

1.75

0.93

0.82

C-P

1.20

1.06

0.14

P-P

3.21

1.23

1.98

C-C

1.94

1.18

0.76

On the second administration, however, the speededness ratio for the P-P group
decreased to 1.23 suggesting that examinees progressed through the second examination
at a faster rate. As a result, a greater decrement in the speededness ratio was found for
the P-P group relative to the other groups. For the C-P group, however, the speededness
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ratio was basically unchanged across time. Thus unlike the other test groups examinees
speed of responding on the p&p test was not facilitated by a practice effect.

8.3.5.2 Proportion of Items Completed on the ACER-AQ by Test Group and
Administration Time: Between Group Comparisons
Item response information in terms of the proportion of examinees completing 75 %, all
items and the last item on the ACER-AQ is presented in Table 29 for each test group by
administration time.

Table 29
Frequencies and Percentages of Participants Attempting 75 %, All Items and the Last
Item on the ACER-AQ by Test Group and Administration Time
Time 1

75 % of

Time 2

P-C

C-P

P-P

C-C

P-C

C-P

P-P

C-C

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

9 (16.7)

7 (14.0)

1 (2.8)

6 (18.2)

19 (35.2)

15 (30.0)

8 (22.2)

12 (36.4)

3 (5.6)

0 (0.0)

0 (0.0)

1 (3.0)

5 (9.3)

1 (2.0)

1 (2.8)

4 (12.1)

10(18.5)

2 (4.0)

6 (16.7)

4 (12.1)

12 (22.2)

9 (18.0)

14 (38.9)

8 (24.2)

Items
All
items
Last
item

As shown in Table 29, irrespective of test group, fewer than 100 % of the examinees
reached 75 % of the test items at Times 1 and 2. Moreover, frequency information
pertaining to the percentage of participants completing all items on the ACER-AQ
indicates that fewer than 100 % of the items were reached by 80 % of the examinees in
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each of the four test groups at Times 1 and 2. This evidence suggests that both the p&p
and computerised versions of the ACER-AQ were highly speeded.

With respect to test groups, a smaller percentage of examinees in the P-P group
attempted 75 % of the test items and completed all items on the ACER-AQ at Times 1
and 2. However, a higher percentage of examinees in the P-P group attempted the last
item at Time 2 relative to the other test groups. Thus to explore the equivalence of the
ACER-AQ from a behavioural perspective the chi-square test was applied to the
relationship between test group and the proportion of items attempted as a function of
time (Sheskin, 1997). When the expected cell frequencies were less than five an
extension of Fisher’s Exact Probability Test, namely, the Freeman-Halton test was
calculated using S-Plus (2000) statistical software.

At Time 1 the Freeman-Halton tests yielded non-significant results for the proportion of
examinees in each of the four test groups completing 75 % (p = .143), all items (p =
.197) and the last item (p = .101) on the ACER-AQ. On the second examination the
results of a Freeman-Halton test comparing the proportion of examinees completing all
items on the ACER-AQ by test group was also non-significant (p = .167). When
applying the chi-square test a non-significant group effect was found for those
completing 75 % of the test items, χ²(3, N = 173) = 2.19, p = .533, and those completing
the last item on the ACER-AQ, χ²(3, N = 173) = 5.26, p = .154. Together these findings
suggest that speed of responding was unrelated to administration mode at Times 1 and
2.
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8.3.5.3 Indices of Test Speededness by Test Mode: Within Group Comparisons
From a within group perspective examinees in all four test groups completed more
items on the second administration than the first administration. However, the t-test for
the difference between two related proportions could not be used to test this effect since
the observed frequencies were less than five (Howell, 2001). Thus in providing a
descriptive account of the results Table 29 shows that the difference in the proportion of
examinees completing all items on the ACER-AQ across time was greater for the P-C
and C-C groups rather than the P-P and C-P groups. Therefore, examinees demonstrated
faster responding across time when the computerised test was administered second.
Nonetheless, the difference in the proportion of examinees attempting the last item on
the ACER-AQ was greater for the P-P group than the other test groups. One potential
explanation for this finding is that examinees completing the conventional test may have
omitted more items than those completing the computerised test. Hence, Section 8.3.5.5
explores whether this mode effect relates to cross-mode differences in item omit
patterns rather than speededness per se. In Section 8.3.5.4, however, the effect of test
mode on examinees’ speed of responding is further explored by comparing the average
number of items solved across test groups.

8.3.5.4 Items Solved on the ACER-AQ by Test Group and Administration Time:
Between and Within Group Perspective
To test for between group differences in the number of items solved at Time 1 an
ANOVA was performed using test group as the independent variable. The test was
found to be statistically significant, F(3, 169) = 6.46, p = .000, η2 =.10. A Tukey HSD
test indicated that the mean number of items solved for the P-P group (M = 13.92, SD =
3.30) was significantly less than the C-C group (M = 18.09, SD = 4.80) and C-P group
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(M = 17.70, SD = 3.87). However, the mean number of items solved for the P-P group
(M = 13.92, SD = 3.30) did not differ significantly from the mean number of items
solved for the P-C group (M = 16.35, SD = 5.42).

A one-way between groups ANCOVA was performed to examine the effect of
administration mode on examinees’ rate of responding at Time 2, after adjusting for the
number of items solved at Time 1. Preliminary checks were conducted to ensure that
there was no violation of the assumptions of normality, linearity, homogeneity of
variance, homogeneity of regression slopes, and reliable measurement of the covariate.
One outlier was detected and removed from the analysis as a result of this process. The
ANCOVA indicated that items solved on the initial p&p test was a significant covariate,
F(1, 167) = 150.77, p = .000, η² = .47. After adjusting for the number of items solved at
Time 1 there was no significant difference between the four test groups with respect to
the average number of items solved at Time 2, F(3, 167) = 2.04, p = .111, η² = .04.
Therefore, the groups did not differ with respect to the number of items solved on the
second administration when controlling for the number of items solved on the initial
administration.

The effect of examination mode on examinees’ rate of responding was further explored
by focusing specifically on the two counterbalanced groups. Accordingly, a one-way
ANOVA was conducted using difference or gain scores for the number of items solved
as the dependent variable. The purpose of this analysis was to determine whether there
was a differential change in examinees’ response rates across time. After the removal of
one outlier from the C-P group a significant difference was found in scores for the P-C
(M = 3.17, SD = 3.74) and C-P (M = 1.40, SD = 3.51) groups, F(1, 101) = 6.13, p =
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.015, η² = .06. For the P-C group, the average number of items solved increased by the
practice effect. For the C-P group, however, the average number of items solved on the
second administration seemed to increase by the practice effect but decrease by the
change in test mode thus contributing to less net change across time. Similar results
were obtained when an ANOVA was conducted to compare the mean residual
difference scores for the P-C (M = 0.21, SD = 1.02) and C-P (M = -0.23, SD = 0.94)
groups, F(1, 101) = 5.09, p = .026, η² = .05.

8.3.5.5 A Between Group Comparison of Item Omit Patterns by Test Group and
Administration Time
To further explore potential differences in test-taking strategies associated with the
change in test mode, the number of items omitted and not-reached were compared
across all four test groups. Table 30 shows descriptive statistics for the number of items
omitted and not-reached as a function of test group and administration time.

Due to violations of the normality assumption, a Kruskal-Wallis test was used to test for
differences in the number of items not-reached and omitted between groups at Times 1
and 2. The mean ranks did not differ significantly for the number of items not-reached
across test groups at Time 1, H(3, N = 173) = 4.45, p = .217, and Time 2, H(3, N = 173)
= 2.88, p = .411.

With respect to item omits, the mean ranks were found to differ significantly between
the groups at Time 1, H(3, N = 173) = 27.29, p = .000, and Time 2, H(3, N = 173) =
17.27, p = .001. The strength of the relationship as indexed by epsilon-squared was .16
and .10, respectively. The Dunn procedure (Dunn, 1964), which involves using the
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Wilcoxon rank sum test to compare the mean ranks for all possible pairs of conditions
was employed to indicate the nature of these differences. Consequently, an adjusted
alpha level of .008 was adopted to control for Type I error rate (Jaccard & Becker,
1997).

Table 30
Descriptive Statistics for the Number of Items Not-reached and Omitted by Test Group
and Administration Time
Test
Group
P-C

Item
Response
Not
reached

M

Time 1
Mdn

SD

M

Time 2
Mdn

SD

6.46

6.00

5.58

5.17

5.00

4.19

Omit

6.19

4.00

5.86

4.00

2.00

4.26

Not
reached

8.78

9.50

4.32

6.28

6.50

4.96

Omit

2.52

1.00

3.55

3.62

3.00

3.89

Not
reached

8.33

10.00

5.82

4.83

4.50

4.80

Omit

6.75

5.50

4.92

6.97

7.00

4.56

Not
reached

7.85

9.00

5.67

4.82

4.00

4.69

Omit

3.06

1.00

3.86

3.12

2.00

3.53

C-P

P-P

C-C

Concerning the number of items omitted at Time 1, the results indicated that examinees
in the P-P group (mean rank of 58.08) omitted significantly more items than examinees
in the C-P group (mean rank of 33.00), n = 86, z = -4.65, p = 000. The Glass rank
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biserial correlation was .58. Examinees in the P-P group (mean rank of 43.08) also
omitted significantly more items than examinees in the C-C group (mean rank of 26.18),
n = 69, z = -3.52, p = 000, yielding a Glass rank biserial correlation of .49. Examinees in
the P-C group (mean rank of 62.53), on the other hand, omitted significantly more items
than examinees in the C-P group (mean rank of 41.67), n = 104, z = -3.58, p = 000. The
Glass rank biserial correlation was .40. Together, these findings suggest that examinees
tended to omit more items on the conventional test than the computerised test at Time 1.

At Time 2, examinees in the P-P group (mean rank of 56.00) omitted significantly more
items than examinees in the P-C group (mean rank of 38.50), n =90, z = -3.14, p = 002,
yielding a Glass rank biserial correlation of .39. Examinees in the P-P group (mean rank
of 43.21) also omitted significantly more items than examinees in the C-C group (mean
rank of 26.05), n = 69, z = -3.14, p = 002. The Glass rank biserial correlation was .50.
However, examinees in the P-P group (mean rank of 54.56) also omitted significantly
more items than examinees in the C-P group (mean rank of 35.54), n = 86, z = -4.65, p =
000. The Glass rank biserial correlation was .44. None of the other groups differed in
terms of item omit patterns. Therefore, examinees in the P-P group tended to omit more
items than examinees in the other three groups especially those groups administered the
computerised version of the ACER-AQ.

8.3.5.6 A Within Group Comparison of Item Omit Patterns by Test Group and
Administration Time
Due to violations of the normality assumption, a Wilcoxon matched-pairs signed rank
test was used to compare the number of items omitted and not-reached at Time 2 versus
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Time 1 for all four test groups. An adjusted alpha level of .006 was used in order to
avoid inflating the Type I error rate (Jaccard & Becker, 1997).

For the P-P group the rank sums for the number of items not-reached at Time 2 differed
significantly from the number of items not-reached at Time 1, n = 36, T = 86.50, z = 3.33, p = .001. The rank sum for the positive difference (Rp = 86.50) was significantly
smaller than the rank sum for the negative difference (Rn = 441.50) suggesting that
examinees reached more items on the second administration than the first. The strength
of the relationship as indexed by the matched-pairs rank biserial correlation coefficient
was .53. The rank sum for the number of items omitted at Time 2 did not differ
significantly from the rank sum at Time 1, n = 36, T = 244.00, z = -0.08, p = .937.

For the C-C group the rank sums for the number of items not-reached at Time 2 differed
significantly from the number of items not-reached at Time 1, n = 33, T = 38.50, z = 3.34, p = .001. The rank sum for the positive difference (Rp = 38.50) was significantly
smaller than the rank sum for the negative difference (Rn = 286.50). This result suggests
that examinees reached more items on the second administration than the first. The
strength of the relationship as indexed by the matched-pairs rank biserial correlation
coefficient was .44. The rank sum for the number of items omitted at Time 2 did not
differ significantly from the rank sum at Time 1, n = 33, T = 244.00, z = -0.41, p = .683.

A similar result was obtained for the C-P group with respect to the number of items notreached. The rank sum for the positive difference (Rp = 234.00) was significantly
smaller than the rank sum for the negative difference (Rn = 801.00) suggesting that
examinees reached more items on the second administration than the first, n = 50, T =
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234.00, z = 3.21, p = .001. The strength of the relationship as indexed by the matchedpairs rank biserial correlation coefficient was .44. The rank sum for the number of items
omitted at Time 2 did not differ significantly from the rank sum at Time 1, n = 50, T =
261.00, z = -1.81, p = .070.

For the P-C group the rank sums for the number of items not-reached at Time 2 versus
Time 1 did not differ significantly at the adjusted alpha level of .006, n = 54, T =
277.50, z= -2.18, p = .028. However, given the small sample size and thus low statistical
power the result was significant at the 5 % level of significance and is thus worthy of
interpretation (Bausell & Li, 2002). Accordingly, the rank sum of the positive difference
(Rp = 277.50) was significantly smaller than the rank sum of the negative difference (Rn
= 625.50). Thus consistent with the other test groups, examinees in the P-C group
reached more items on the second administration than the first. The strength of the
relationship as indexed by the matched-pairs rank biserial correlation coefficient was
.23. In contrast to the other test groups the rank sums of the number of items omitted at
Time 2 versus Time 1 was also significantly different, n = 54, T = 144.50, z = -3.58, p =
.000. The rank sum for the positive difference (Rp = 144.50) was significantly smaller
than the rank sum of the negative difference (Rn = 675.50) suggesting that examinees
omitted fewer items on the second administration than the first. The strength of the
relationship as indexed by the matched-pairs rank biserial correlation coefficient was
.36. This result suggests that examinees omitting significantly fewer items on the
computerised test relative to the p&p test. Overall, examinees in the P-C group reached
although omitted fewer items on the computerised test relative to the conventional test.
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8.3.5.7 Effect of Administration Mode on Speed and Accuracy of Responding
To explore cross-mode differences in examinees’ speed and accuracy of responding the
proportion of items answered correctly on the ACER-AQ were calculated by dividing
the number of correct responses by the number of items solved and then transformed
(See Section 6.3.5.7). Table 31 presents means and standard deviations for the
transformed proportion of correctly solved items as a function of test group and
administration time. As shown in Table 31, a decrement in the average transformed
proportion of items answered correct was found for the P-C and P-P groups, while a
noticeable improvement or practice effect was found for the C-P group. The C-C group,
on the other hand, showed no change across time.

Table 31
Means and Standard Deviations for the Transformed Proportion of Correctly Solved
Items on the ACER-AQ by Test Group and Administration Time
Time 1

Time 2

Group

n

M

SD

M

SD

P-C

54

0.88

0.27

0.85

0.25

C-P

50

0.87

0.20

0.93

0.23

P-P

36

0.99

0.21

0.97

0.22

C-C

33

0.91

0.29

0.91

0.26

Overall, the four test groups yielded comparable accuracy scores at Time 1, F(3, 169) =
1.92, p = .129, η² = .03. Therefore, to investigate the effect of administration mode on
test accuracy as a function of time, a 2 × 4 repeated measures ANOVA was performed
on the transformed proportion of items answered correct. The within subject factor was
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administration time (first vs. second administration) and the between subject factor was
test group (P-P, C-C, P-C, C-P). The main effect for test group was non-significant, F(3,
169) = 1.96, p = .123, η² = .03. The results indicated that mean accuracy scores (i.e.,
transformed proportion correct) across time did not differ among the P-C (M = 0.86, SE
= 0.03), C-P (M = 0.90, SE = 0.03), P-P (M = 0.98, SE = 0.04), and C-C (M = 0.91, SE =
0.04) groups. Moreover, the main effect for administration time was non-significant,
F(1, 169) = 0.03, p = .855, η² = .00. Therefore, the proportion of items answered correct
on the second administration (M = 0.91, SE = 0.02) did not differ significantly from the
number of items answered correct on the initial test administration (M = 0.91, SE =
0.02). Likewise, the interaction between test group and administration time was not
significant, F(3, 169) = 2.51, p = .060, η² = .04. Given that the interaction between test
mode and administration time approached significance, and in light of the divergent
results shown in Table 31 for the counterbalanced groups, the same analysis was
undertaken for the P-C and C-P groups.

Specifically, a one-way ANOVA was conducted using difference or gain scores as the
dependent variable and test group (P-C, C-P) as the independent variable. The purpose
of this analysis was to determine whether a change in the mode of test deliver affected
examinees accuracy of responding on the ACER-AQ. Difference or gain scores were
calculated as the difference between transformed proportion correct at Time 2 relative to
Time 1 for the P-C and C-P groups. A significant difference was found in scores for the
P-C (M = -0.03, SD = 0.20) and C-P (M = 0.06, SD = 0.17) groups, F(1, 102) = 6.53, p
= .012, η² = .06. Examinees in the P-C group demonstrated a decrement in performance
across time, while the C-P group demonstrated a practice effect given that the change
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score was positive. Therefore, for the P-C group relative to the C-P group, the
computerised test induced less accurate responding than the conventional test.

8.3.5.8 Summary of Test-Taking Behaviour on the ACER-AQ: Four Group
Perspective
Table 32 provides a summary of the main research findings pertaining to the study of
behavioural equivalence from a four group perspective. The findings relating to testtaking behaviour from a between group perspective showed that examinees in the P-P
group solved fewer items than the C-C and C-P groups rather than the P-C group at
Time 1, and solved fewer items than all group at Time 2. Therefore, examinees in the PP group progressed through the conventional test at a slower rate than examinees in the
other test groups.

From a within-groups perspective examinees in all four test groups were found to
respond more quickly on the second administration than the first. This was
demonstrated by the fact that a significantly greater proportion of examinees in all four
test groups completed 75 %, all items and the last item on the ACER-AQ at Time 2
relative to Time 1. For the C-P group, however, there was some evidence to suggest that
examinees rate of responding was hindered somewhat by the change in mode of test
delivery. Specifically, only a small change in both the variance index of speededness
and the proportion of examinees completing all items on the ACER-AQ was found for
the C-P group relative to the other test groups. With respect to items solved, the
examinees in the C-P group solved significantly fewer items on the conventional test
than predicted by their performance on the computerised test. Together, these findings
suggest that mode of test administration could make a difference in examinees test-
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related behaviour such as ease and speed of responding. Thus for the C-P group, in
particular, differences in the manner of item presentation seemed to elicit changes in the
strategies with which the examinees approached the test items thus affecting examinees’
rate of responding.

Table 32
A Summary of Research Findings Pertaining to the Study of Behavioural Equivalence
from a Four –Group Perspective
Within Group Effects

Between Group Effects

Across Times 1 and 2
75 % of items

Higher proportion at Time 2 than

Time 1

Time 2

No group effect.

No group effect.

No group effect.

No group effect.

No group effect.

No group effect.

C-P group solved significantly

P-P group solved fewer

No group effect when

fewer items at Time 2 than Time

items than C-C and C-P

controlling for

1 and as predicted by their CBT

group.

number-solved at

Time 1 for all four groups.
All items

Higher proportion at Time 2 than
Time 1 for all four groups.

Last items

Higher proportion at Time 2 than
Time 1 for all four groups.

Items solved

scores relative to P-C group.
Item omits

Time 1.

In contrast to the other test

P-P group omitted more

P-P group omitted

groups, the P-C group omitted

items than C-P and C-C

significantly more

significantly fewer items at Time

groups.

items than the other

2 than Time 1.

P-C group omitted more

groups.

items than C-P group.
Not-reached items

Significant decrement in not-

No group effect.

No group effect.

No group effect.

No group effect.

reached items across time for all
groups.
Transformed

P-C group significant decrement

proportion correct

in accuracy scores across time
relative to the C-P group.

The examination of item omit patterns from a within-and-between group perspective
suggest that examinees followed different test-taking strategies on the p&p and
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computerised versions. Specifically, results indicated that the number of omitted items
differed as a function of administration mode with the p&p version yielding a greater
number of omits than the computerised version. Moreover, the two test versions seemed
to induce different levels of accuracy with the computerised version encouraging faster
and more inaccurate responding than the conventional test.

8.3.6 Examination of the Behavioural Equivalence of the ACER-AQ from a
Combined Groups Perspective
Since the small sample sizes limited the types of statistical analyses that could be
performed, and the statistical power to detect associations of small magnitude, testtaking information collected from each of the test groups was combined. Thus the effect
of administration mode on examinees test-taking behaviour was also explored by
combining data for those groups administered the p&p test at Time 1 (P-P and P-C) and
those groups administered the CBT at Time 1 (C-C and C-P), and by combining data for
those groups administered the p&p test at Time 2 (P-P and C-P) and those groups
administered the CBT at Time 2 (C-C and P-C). Given that the P-P group omitted more
items than the other three groups at Time 2, findings pertaining to item omits from a
combined groups perspective should be interpreted cautiously as a result of this group
effect.

8.3.6.1 Variance Index of Speededness by Test Order
On the first administration a speededness ratio of 1.19 was obtained for the paper-first
group and a ratio of 1.05 was obtained for the computer-first group. On the second
administration a speededness ratio of 1.14 was obtained for the paper-second group and
a ratio of 0.99 was obtained for the computer-second group. Overall the speededness
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ratio was slightly higher for the paper test irrespective of administration order.
However, both the p&p and CBT versions were highly speeded.

8.3.6.2 Indices of Test Speededness by Test Order: Between Group Comparisons
Table 33 shows cross-tabulations of the number of participants completing 75 %, all
items and the last item on the ACER-AQ by test order and administration time.

Table 33
Frequencies and Percentages of Participants Attempting 75 %, All Items and the Last Item on the
ACER-AQ by Administration Mode and Time
Administration Mode
First Administration

Second Administration

Items

Paper

Computer

Paper

Computer

attempted

n = 90

n = 83

n = 86

n = 87

75 %

10 (11.1)

13 (15.8)

23 (26.7)

31(35.6)

All items

3 (3.3)a

1 (1.2)a

2 (2.3)

9 (10.3)

Last item

16 (17.8)

6 (7.2)

23 (26.7)

20 (23.0)

a

Expected count less than 5

.
As shown in Table 33, irrespective of test group, fewer than 100 % of the examinees
reached 75 % of the test items at Times 1 and 2. Moreover, frequency information
pertaining to the percentage of participants completing all items on the ACER-AQ
indicates that fewer than 100 % of the items were reached by 80 % of the examinees in
all four groups across time. This evidence suggests that both the p&p and computerised
versions of the ACER-AQ were highly speeded. However, it should be noted that a
greater percentage of examinees administered the computer version at Time 1
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completed 75 % of the test items, while a greater percentage of examinees administered
the computer version at Time 2 completed all items on the ACER-AQ than those
administered the conventional test second. However, a greater percentage of examinees
in the conventional test conditions attempted the last item on the ACER-AQ at Times 1
and 2. Section 8.3.6.4 explores whether this mode effect relates to cross-mode
differences in item omit patterns rather than speededness per se.

A chi-square test was applied to the relationship between administration mode and the
proportion of examinees completing 75 % of the test item. This test was found to be
non-significant, χ²(1, N = 173) = 0.78, p = .378. Although a group effect was evident at
the 5 % level of significance for the proportion of examinees completing the last item at
Time 1, χ²(1, N = 173) = 4.33, p = .037, this effect was not significant at the adjusted
alpha level of .008. The strength of the relationship, as measured by the fourfold point
correlation coefficient was .16. This correlation translates into an effect size of .03,
which is lower than Cohen’s (1988) operational definition of small (e = .05). The results
of the Freeman-Halton test applied to the relationship between administration mode and
the proportion of examinees completing all items at Time 1 was not statistically
significant (p = .622) (Sheskin, 1997). Overall, the results suggest that examinees in the
paper-first and computer-first test groups progressed through the ACER-AQ at a
comparable speed.

On the second administration a non-significant group effect was found in relation to the
number of participants completing 75 % of the test items, χ²(1, N = 173) = 1.59, p =
.207, the last item on the ACER-AQ, χ²(1, N = 173) = .33, p = .568, and all items
comprising the ACER-AQ, χ²(1, N = 173) = 4.67, p = .031, at the adjusted alpha level
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of .008. Although the relationship between test mode and the proportion of participants
completing all items at Time 2 was significant at the 5 % level of significance, the
strength of the relationship as measured by the fourfold point correlation coefficient was
.16. This yields an effect size of .03, which is lower than Cohen’s (1988) operational
definition of small (e = .05). These results further suggest that examinees administered
the computerised version second progressed through the ACER-AQ at a comparable
speed relative to those administered the p&p version second.

8.3.6.3 A Combined Group Comparison of Items Solved by Test Order and
Administration Time
An independent groups t-test was performed to compare the mean number of items
solved for the paper-first group (M = 15.38, SD = 4.81) with that for the computer-first
group (M = 17.86, SD = 4.24). The results indicated that those groups administered the
computerised version first solved significantly more items than the groups administered
the p&p test first, t(171) = -3.58, p = .000. The eta squared statistic of .07 indicated a
moderate effect size (Cohen, 1988).

The mean number of items solved for the paper-second group (M = 18.30, SD = 4.96)
with that for the computer-second group (M = 20.30, SD = 4.91) was also compared
using an independent t-test. Consistent with the findings of Time 1 the results indicated
that the computer-second group solved significantly more items than the paper-second
group, t(171) = -2.66, p = .009. The eta squared statistic of .04 indicated a small effect
size (Cohen, 1988). Taken together these findings suggest that examinees solved more
items on the computerised test relative to the p&p test irrespective of administration
time. As noted in Section 8.3.5.8, this finding provides some evidence to suggest that
mode of item presentation may change examinees test-taking behaviour to the extent
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that examinees’ rate of responding may differ across computerised versus conventional
versions of a test.

8.3.6.4 A Between Group Comparison of Item Omit Patterns by Test Order and
Administration Time
Table 34 shows descriptive statistics for the number of items omitted and not-reached
for the paper-first, computer-first, paper-second and computer-second groups as a
function of administration time.

Table 34
Descriptive Statistics for the Number of Items Not-reached and Omitted on the ACERAQ by Test Group and Administration Time
Not-reached

Paper

Omitted

M

Mdn

SD

M

Mdn

SD

7.21

7.50

5.68

6.41

5.00

5.42

8.41

9.00

4.89

2.73

1.00

3.66

5.67

5.00

4.91

5.02

4.00

5.00

5.03

5.00

4.36

3.67

2.00

4.00

First
Computer
First
Paper
Second
Computer
Second

Due to violations of the normality assumption, the Wilcoxon rank sum test was used to
compare the paper-first and computer-first groups on the number of items not-reached
and omitted at Time 1. An adjusted alpha level of .013 was used in order to avoid
inflating the Type I error rate (Jaccard & Becker, 1997). The mean ranks did not differ
significantly for the number of items not-reached at Time 1, n = 173, z = -1.17, W =
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7445.50, p = .241. However, significant differences between the mean ranks were found
for the number of items omitted at Time 1, n = 173, z = -5.05, W = 5576.50, p = .000.
On the first examination examinees in the paper-first group (mean rank of 105.27)
omitted significantly more items than examinees in the computer-first group (mean rank
of 67.19). The strength of the relationship as indexed by the Glass rank biserial
correlation coefficient was .44.

Identical analyses were performed on Time 2 data for the paper-second (P-P, C-P) and
computer-second (C-C, P-C) groups. The mean ranks were comparable for the number
of items not-reached at Time 2, n = 173, z = -0.61, W = 7369.50, p = .541. With respect
to item omits the mean ranks of the paper-second group (95.55) did not differ
significantly from the mean ranks of the computer-second (78.55) group, n = 173, z = 2.26, W = 6834.00, p = .024, at the adjusted alpha level of .013. However, a group effect
for item omits was evident at the 5 % level of significance. The strength of the
relationship as indexed by the Glass rank biserial correlation coefficient was .20. It is
important to note, however, that this result may stem in part from a test group effect
given that the P-P group was found to omit significantly more items than the other three
groups at Time 2 (See Section 8.3.5.5). Overall, these findings suggest that examinees
were more likely to omit items on the paper version of the ACER-AQ than the
computerised version irrespective of administration time.

8.3.6.5 Effect of Administration Mode on Speed and Accuracy of Responding
To explore cross-mode differences in speed and accuracy of responding the proportion
of items answered correct on the ACER-AQ was calculated by dividing the number of
correct responses by the number of items solved and then transformed (See Section
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6.3.5.7). Accordingly, an independent t-test was performed comparing the mean
transformed proportion correct for the paper-first group (M = 0.92, SD = 0.25) with that
of the computer-first group (M = 0.89, SD = 0.24). This test was found to be statistically
non-significant, t(171) = 0.88, p = .382, η² = .004.

Likewise, an independent t-test was performed comparing the mean proportion of items
correctly solved for the paper-second group (M = 0.95, SD = 0.22) with that of the
computer-second group (M = 0.87, SD = 0.25). This test was found to be statistically
significant, t(171) = 2.20, p = .030, η² = .03, indicating that higher accuracy scores were
obtained when the conventional test was administered second rather than the
computerised test.

To control for individual differences in Time 1 performance, an ANCOVA was
computed with test mode as the independent factor (paper-second vs. computer-second)
and proportion correct on the second examination as the dependent variable. The
proportion correct on the initial test was entered as a covariate. The assumptions of
normality, homogeneity of variance-covariance matrices, and linearity were tested and
satisfied. Performance on the initial test was a significant covariate, F(1, 101) = 98.34, p
= .000, η² = .49. Moreover, the ANCOVA yielded a significant effect for test group,
F(1, 101) = 7.29, p = .008, η² = .07, suggesting that group differences at Time 2 were
related to the mode of test administration. Specifically, when Time 1 scores were
controlled for statistically, participants completing the ACER-AQ on paper (adjusted M
= 0.94, SE = 0.02) obtained significantly higher scores than participants completing the
ACER-AQ on computer (adjusted M = 0.85, SE = 0.02). The difference in means at
Time 2 between the p&p and computer-based administration groups was also compared
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using the effect size calculated according to both Rasulis et al. (1996, p. 508) and
Cortina and Nouri (1999). In both instances the difference in corrected means of .08
yielded a large effect of .47 (Cohen, 1988). Therefore, faster although less accurate
responding was found on the CBT relative to the p&p test.

8.3.6.6 Summary of Test-Taking Behaviour for Combined Groups
Table 35 provides a summary of the main research findings pertaining to the study of
behavioural equivalence from a combined group perspective.
Table 35
A Summary of Research Findings Pertaining to the Study of Behavioural Equivalence from a
Combined Groups Perspective
Between Group Effects
Time 1

Time 2

75 % of items

No group effect.

No group effect.

All items

No group effect.

No group effect.

Last item

No group effect.

No group effect.

Items solved

Computer group solved more items

Computer group solved more items

than paper group.

than paper group.

Paper group omitted more items

Paper group omitted more items

than computer group.

than computer group.

Not-reached items

No group effect.

No group effect.

Transformed

No group effect.

Paper-second group higher mean

Item omits

proportion correct

transformed proportion correct than
computer-second group.

The findings provide some evidence to suggest that participants completing the ACERAQ on computer progressed through the test at a faster rate than those completing the
ACER-AQ on paper, irrespective of administration time. Specifically, examinees in
both the computer-first and computer-second groups solved more items than the test
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groups administered the paper test first or second. As shown in Table 35, the results
indicated that the number of omitted items differed as a function of administration mode
with the p&p version yielding a greater number of omits than the CBT version,
irrespective of test order. Moreover, the two test versions seemed to induce different
levels of accuracy with the computerised version encouraging less accurate responding
relative to the paper test. However, this mode effect only occurred at Time 2 when the
computer administered test was administered second.

8.3.7 Examination of the Experiential Equivalence of the ACER-AQ
8.3.7.1 A Comparison of Examinees Reactions Towards Conventional Versus
Computer-Based Testing
Following the procedure described in Section 6.3.6.1, a z-test for the difference between
two independent proportions was used to determine whether a significantly greater
proportion of examinees expressed more favorable attitudes towards the CBT relative to
the p&p test (Lowry, 2002b). This set of analyses was limited to the P-C and C-P
groups where conventional and computerised test environments could be compared. The
results of the independent z-tests, and the percentage of participants selecting agree (i.e.,
‘agree’ or ‘strongly agree’) or disagree (i.e., ‘strongly disagree’ or ‘disagree’), appear in
Table 36. Owing to the number of correlations performed a Bonferonni adjusted alpha
level of .007 was adopted to control the Type I error rate. Of the participants taking both
the paper and computerised test, a significantly smaller proportion of test-takers
indicated feeling more anxious and more nervous when completing the test on computer
than on paper. As shown in Table 36, a significantly greater proportion of test-takers
found it easier to check responses on the p&p test relative to the CBT.
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Table 36
Proportion of ACER-AQ Examinees Selecting Agree and Disagree Responses on the
ATCAS

Items

More nervous on computer than paper

More anxious on computer than paper

More comfortable completing the test
on paper than computer
More difficult reading item/question
on the computer than paper
Answer questions on computer easier
than separate question sheet
Easier to check my responses on
p&p test rather than computer
Prefer to take a computer rather than
paper test in the future

Agree

Disagree

n

n

(%)

(%)

26

50

(28.3)

(54.3)

20

52

(22.0)

(57.1)

45

28

(48.9)

(30.4)

32

47

(34.8)

(51.1)

36

37

(39.6)

(40.7)

54

25

(58.7)

(27.2)

20

40

(22.0)

(44.0)

z

3.59*

4.85*

-2.56

2.23

0.15

-4.32*

3.15*

*p < .007
As a result, students expressed a preference for conventional testing over computerised
testing. Overall, these findings suggest that examinees’ emotional and attitudinal
reactions towards the test-taking experience differed as a result of the varying test
formats.

8.3.7.2 Exploring the Relationship Between Experiential Factors and Performance
on the ACER-AQ from a Within-Group Perspective
Pearson correlations were derived to determine whether the relationship between test
performance and test-taker’s attitudes differed as a function of administration mode.
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Descriptive statistics and correlations among the number of items answered correct on
the ACER-AQ and scores on the ATCAS and its sub-scales are reported in Table 37.
Owing to the number of correlations performed, a Bonferonni adjusted alpha level of
.004 was asopted when assessing the significance of the correlations reported in Table
37.

Table 37
Descriptive Statistics and Correlations Between Scores on the ACER-AQ and the
ATCAS (and its Sub-scales) for the P-C and C-P Group
Variables

1. Correct time 1

2. Correct time 2

3. Ease of use

P-C

C-P

M

M

(SD)

(SD)

9.11

10.26

(4.21)

(3.94)

10.82

12.55

(4.34)

(4.72)

2.42

3.10

(0.83)

(0.81)

4. CBT- Confidence 1.40

5. ATCAS-Total

1.77

(0.50)

(0.80)

2.11

2.69

(0.67)

(0.72)

1

2

3

4

5

_

.78*

-.17

-.20

-.19

.82*

_

-.10

-.09

-.10

-.18

-.15

_

.56*

.98*

.07

-.02

.54*

_

.70*

-.12

-.12

.96*

.76*

_

Note. Correlations above the diagonal are for P-C test-takers; correlations below are for
C-P test-takers.
*p < .004
For both the P-C and C-P group, performance on the first and second administration of
the ACER-AQ were not significantly related to examinees’ general reactions towards
the CBT as operationalised by the ATCAS. Likewise, for both groups, examinees’
confidence in taking the computerised test and attitudes towards operating the
computerised test were unrelated to test performance. This result suggests that
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experiential factors did not differentially affect examinees’ performance on the p&p and
computer-based version of the ACER-AQ.

8.3.7.3 Relationship Between Performance on the ACER-AQ and Experiential
Factors
Due to violations of the normality assumption Spearman correlations were derived to
determine whether various aspects of the computerised testing experience influenced
examinees’ performance on the computerised versus conventional version of the ACERAQ. Specifically, for both the P-C and C-P groups the thirteen items comprising the
ATCAS were correlated with number-correct on the p&p and CBT. Table 38 presents
descriptive statistics and Spearman correlations between ATCAS items and
performance on the ACER-AQ for the P-C group. Owing to the number of correlations
performed, a Bonferonni adjusted alpha level of .002 was adopted to control the Type I
error rate (Jaccard & Becker, 1997).

None of the correlations reported in Table 38 were significant at the adjusted alpha
level. At the 5 % level of significance, however, a significant negative correlation
emerged between Item 5 and performance on the p&p test, r(49) = -.32, p = .028, rather
than the CBT, r(49) = -.11, p = .442. Nonetheless, there was not a statistically
significant difference in the strength of the correlation between ease of answering
questions and performance on the paper and computerised test, t(46) = 1.89, p > .05
(Howell, 2001). This result suggests that difficulty in managing a separate answer sheet
did not differentially affect examinees’ performance on the conventional versus
computerised version of the ACER-AQ.
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Table 38
Descriptive Statistics and Spearman Correlation Coefficients Between ATCAS Items
and Number-Correct on the Paper Versus Computer-Based Version of the ACER-AQ
for the P-C Group
Items

1. More nervous on computer than paper.

M

Paper

Computer

(SD)

Score

Score

2.16

-.05

-.06

-.12

-.07

-.07

-.07

-.15

-.12

-.32

-.11

-.08

-.10

-.28

-.12

-.24

-.03

-.12

.05

-.18

-.14

-.08

.03

.11

.08

-.03

-.02

(1.17)
2. Test instructions on computer were difficult to

1.86

understand.

(1.14)

3. Helpful if given more practice time on the

1.70

computer before starting the test.

(0.86)

4. More difficult reading item/question on the

2.50

computer than paper.

(1.40)

5. Answer questions on computer easier

2.73

than separate question sheet.

(1.19)

6. More anxious on computer than paper.

1.88
(1.02)

7. Concern about experience interfered with

1.33

performance on the CBT.

(0.55)

8. I would prefer to take a computer rather than

3.06

paper test in the future.

(1.28)

9. Computerised tests require too much

1.30

experience with computers.

(0.51)

10. I wish computerised tests did not bother me

1.60

so much.

(0.95)

11. Thinking about pressing the wrong key

1.36

interfered with by performance.

(0.66)

12. It was easier to check my responses on the

3.12

computer rather than paper test.

(1.52)

13. I felt more comfortable completing the

2.78

test on paper than computer.

(1.27)

Overall, these results suggest that experiential factors do not represent an important
source of irrelevant variance on the CBT (Stricker & Wilder, 2001).
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Likewise, descriptive statistics and Spearman correlations between the thirteen items
comprising the ATCAS and number-correct on the p&p and computerised version are
reported for the C-P group in Table 39. A Bonferonni adjusted alpha level of .002 was
adopted to control the Type I error rate (Jaccard & Becker, 1997).

None of the correlations reported in Table 39 were significant at the adjusted alpha
level. However, a low but significant negative correlation emerged between
performance on the conventional version of the ACER-AQ and both Items 2 and 3, at
the 5 % level of significance. Item 2 was significantly correlated in a negative direction
with performance on the CBT, r(42) = -.35, p = .025, rather than p&p test, r(42) = -.25,
p = .116, at an alpha level of .05. Likewise, Item 3 was significantly correlated in a
negative direction with performance on the CBT, r(42) = -.36, p = .021, rather than the
p&p test, r(42) = -0.23, p = .152, at the 5 % significance level.

The present results indicated that a lower score on the CBT was associated with
difficulties in understanding the CBT instructions and insufficient practice time on the
CBT. However, there was no significant difference in the strength of the relationship
between computerised versus conventional test performance and examinees’ ability to
interpret the test instructions, t(39) = 1.00, p > .05. Likewise, there was no significant
difference in the strength of the relationship between computerised versus conventional
test performance and examinees’ request for more practice time, t(39) = 1.32, p > .05.

Since the pattern of correlations were at least as strong for the CBT as for the p&p test,
this finding suggests that these test-taking factors did not impact on the equivalency of
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the two administration procedures. None of the remaining items was significantly
related to performance on either the p&p or CBT.

Table 39
Descriptive Statistics and Spearman Correlation Coefficients Between Scores on Items
Comprising the ATCAS Scale and Number-Correct on the Paper versus Computer-Based
Version of the ACER-AQ for the C-P group
Items

1. More nervous on computer than paper.

M

Computer

Paper

(SD)

Score

Score

2.88

.09

-.04

-.35

-.25

-.36

-.23

.04

-.05

-.17

.05

-.05

.02

-.00

-.09

-.07

-.06

.09

.04

.06

.03

.02

.03

-.19

-.05

-.09

.01

(1.33)
2. Test instructions on computer were
difficult to understand.
3. Helpful if given more practice time on the
computer before starting the test.
4. More difficult reading item/question on the
computer than paper.
5. Answer questions on computer easier than
separate question sheet.
6. More anxious on computer than paper.

2.36
(1.14)
2.29
(1.22)
2.83
(1.45)
3.36
(1.14)
2.95
(1.02)

7. Concern about experience interfered with
performance on the CBT.
8. I would prefer to take a computer rather than
paper test in the future.
9. Computerised tests require too much
experience with computers.
10. I wish computerised tests did not bother
me so much.
11. Thinking about pressing the wrong key
interfered with by performance.
12. It was easier to check my responses on the
computer rather than paper test.
13. I felt more comfortable completing the
test on paper than computer.

1.67
(0.93)
3.62
(0.99)
1.62
(0.73)
2.05
(1.27)
1.74
(1.08)
3.79
(1.32)
3.76
(0.98)
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Table 40 presents descriptive statistics and Spearman correlations between the thirteen
items comprising the ATCAS and number-correct on the p&p and computerised
versions for combined groups.

Table 40
Descriptive Statistics and Spearman Correlation Coefficients Between Scores on the ATCAS
Items and Number-Correct on the Paper Versus Computer-Based Version of the ACER-AQ
Items

1. More nervous on computer than paper.

M

Paper

CBT

(SD)

Score

Score

2.49

.03

-.02

-.09

-.18

-.07

-.21*

-.07

-.05

.05

.15

.10

-.13

-.12

-.07

.03

.08

.04

.05

-.03

-.05

-.01

.01

.06

-.05

.11

-.06

(1.29)
2. Test instructions on computer were
difficult to understand.
3. Helpful if given more practice time on the
computer before starting the test.
4. More difficult reading item/question on the
computer than paper.
5. Answer questions on computer easier than
separate question sheet.
6. More anxious on computer than paper.

2.09
(1.16)
1.97
(1.07)
2.65
(1.43)
3.02
(1.20)
2.36
(1.15)

7. Concern about experience interfered with
performance on the CBT.
8. I would prefer to take a computer rather
than paper test in the future.
9. Computerised tests require too much
experience with computers.
10. I wish computerised tests did not bother
me so much.
11. Thinking about pressing the wrong key
interfered with by performance.
12. It was easier to check my responses on the
computer rather than paper test.
13. I felt more comfortable completing the
test on paper than computer.
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1.48
(0.77)
3.32
(1.18)
1.45
(0.64)
1.80
(1.12)
1.53
(0.90)
3.42
(1.46)
3.23
(1.24)

Since the examination of the relationship between specific aspects of the CBT
experience and test performance would be facilitated by a larger sample size, examinees
responses on the ATCAS were combined for the P-C and C-P group. As shown in Table
40, none of the items comprising the ATCAS was significantly related to performance
on either the p&p or computerised version at the adjusted alpha level of .002. However,
a low but significant negative correlation emerged between Item 3 and performance on
the computerised test, r(92) = -.21, p = .045, rather than the p&p test, r(92) = -.07, p =
.510, at the 5 % level of significance. This result suggests that a lower score on the
computerised test was related to the examinees’ request for more practice time on the
CBT. However, there was no significant difference in the strength of the relationship
between computerised versus conventional test performance and examinees’ request for
more practice time on the CBT, t(89) = 1.88, p > .05 (Howell, 2001). Overall, these
results suggest that experiential factors do not represent an important source of
irrelevant variance on the CBT (Stricker & Wilder, 2001).

8.3.8 Examination of the Relativity of Equivalence of the ACER-AQ
Consistent with Phase 1 of Study 1, this study also examined whether computerconventional equivalency varied as a function of the individual difference variables
reported in Section 6.3.7. Hence, correlational and hierarchical regression analyses were
used to explore the association between these individual difference variables and
administration mode. The possible interactions between the individual characteristics
and administration mode were explored in a manner consistent with Section 6.3.7.
Findings are reported for the P-C and C-P groups only given that the primary purpose of
these analyses was to determine whether individual participant characteristics
differentially affected examinees’ performance on a particular administration mode.
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Preliminary analyses were performed to identify outlying cases and to ensure no
violations of the assumptions of normality, linearity and homoscedasticity. Spearman
correlations were derived if assumptions were violated (Jaccard & Becker, 1997).

8.3.8.1 Correlations Between Performance on the ACER-AQ and Measures of
State, Trait and Test Anxiety: Within Group Perspective
Pearson correlations were derived to examine whether performance on the p&p and
computerised versions of the ACER-AQ differed as a function of individual differences
in test anxiety (and its components), trait and state anxiety. Descriptive statistics and
correlations among test performance and these individual difference variables are
reported separately for both the P-C and C-P groups in Table 41. Owing to the number
of correlations performed, a Bonferonni adjusted alpha level of .002 was adopted to
control the Type I error rate when assessing the significance of these correlations. From
a within-group perspective, similar patterns of correlations are seen for the P-C and C-P
groups with the exception of test anxiety worry and state anxiety.

For both groups, trait anxiety and the distractibility, confidence and emotionality
components of test anxiety were unrelated to test scores obtained on the p&p and
computerised versions. For the C-P group, neither state anxiety nor test anxiety and its
worry dimension was significantly related to performance on the ACER-AQ. For the PC group, however, a significant negative association was found between performance
on the p&p and computerised versions of the ACER-AQ and test anxiety worry.
However, as shown in Table 41, the relationship between test anxiety worry and
performance on the ACER-AQ was at least as strong for the computer test as for the

268

p&p test. Taken together, these findings suggest that the cognitive aspects of test
anxiety did not affect the equivalency of the two administration procedures.

Table 41
Descriptive Statistics and Correlations Among Measures of Test, State and Trait
Anxiety and Performance on the ACER-AQ by Test Group and Administration Time
P-Ca

C-Pb

M

M

(SD)

(SD)

1. Correct

9.11

10.26

Time 1

(4.21) (3.94)

2. Correct

10.61

Time 2

(4.33) (4.81)

3. MTAS-

2.37

Worry

(0.68) (0.69)

4. MTAS-

2.02

Distraction

(0.70) (0.61)

5. MTAS-

2.53

Variables

12.06

2.08

1.78

2.42

1

2

3

4

5

6

7

8

9

-

.77*

-.46*

-.25

-.21

-.27

-.20

-.19

-.36

.78* -

-.45*

-.17

-.13

-.21

-.12

-.12

-.11

.12

-.07

-

.51*

.46*

.74*

.42*

.44*

.36

.04

.10

.34

-

.16

.32

.23

.21

.18

.02

-.15

.39

.29

-

.46*

.47*

.24

.35

.00

-.18

.69*

.18

.46*

-

.57*

.49*

.44*

.04

-.01

.52*

.35

.46*

.37

-

.51*

.57*

.16

.10

.26

.14

.27

.32

.22

-

.47**

-.09

-.17

.18

.20

.53*

.34

.48*

.38

-

Confidence (0.58) (0.68)
6. MTAS

2.03

1.82

Emotionality (0.68) (0.54)
7. Trait

2.04

2.03

Anxiety

(0.55) (0.46)

8. State

1.77

Anxiety

(0.59) (0.42)

1.76

(Time 1)
9. State

1.70

1.66

Anxiety

(0.58) (0.43)

(Time 2)

Note. Correlations above the diagonal are for the P-C group; correlations below the
diagonal are for the C-P group.
a

Due to missing values on some variables, n ranged from 50 to 54 for the P-C group.

b

Due to missing values on some variables, n ranged from 49 to 50 for the C-P group.

* p < .002
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In addition, an unexpected association was found between p&p test performance (Time
1) and the amount of state anxiety reported by the P-C group at Time 2, r(52) = -.36, p =
.010. When controlling for test anxiety, however, this association became less marked
and was no longer significant, pr(48) = -.02, p = .905. Therefore, it appears that state
anxiety at Time 2 accounted for a small proportion of the variability in p&p test scores
independent of test anxiety. Therefore, state anxiety was not a direct source of nonequivalence across computer and conventional formats.

8.3.8.2 Interaction of Testing Mode with Test Anxiety, State Anxiety and Trait
Anxiety: Between Group Perspective
Initially, hierarchical regression analysis was performed using performance at Time 1 as
the dependent variable and test anxiety worry, test mode (P-C vs. C-P), and the
interaction of test anxiety worry with test mode as explanatory variables. The
interaction of test anxiety worry with test mode was significant, β = 0.29, t(96) = 3.02, p
= .003. Furthermore, the inclusion of the interaction effect provided a significant
increment in R² (∆
∆R² = .08, FChange [1, 96] = 9.13, p = .003). As Table 41 shows,
performance on the ACER-AQ was independent of test anxiety worry in the computer
condition (i.e., C-P group), r(49) = .12, p = .421, but negatively correlated with Time 1
scores in the paper condition (i.e., P-C group), r(51) = -.46, p = .001. Therefore, the
relationship between test anxiety worry and performance on the first administration of
the ACER-AQ did vary as a function of test mode.

To determine whether performance across time varied as a function of test group per se
rather than administration mode, a similar analysis was conducted using Time 2 scores
as the dependent variable. Notably, a similar pattern of results was found when Time 2
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scores were regressed on test anxiety worry, administration mode, and the interaction
between test anxiety worry and test mode. After the removal of two outliers the
interaction of test anxiety worry with test mode was significant, β = 0.24, t(94) = 2.28, p
= .025, and contributed to a significant improvement in model fit (∆R² = .05, FChange [1,
94] = 5.21, p = .025). Table 41 shows that a significant negative relationship emerged
between test anxiety worry and ACER-AQ scores when administered on computer (i.e.,
P-C group), r(51) = -.45, p = .001, rather than paper (i.e., C-P group), r(49) = -.07, p =
.644. Overall, this finding suggests that performance across time varied as a function of
test group rather than mode of test administration. Therefore, test anxiety worry was not
a source of non-equivalence in ACER-AQ test scores.

Identical albeit separate analyses were performed to investigate the interaction of test
mode with the distractibility, confidence and emotionality components of test anxiety.
As shown in Appendix F, the results indicated that the interaction between test mode
and each of the individual difference variables of distractibility (Appendix F, Table
103), confidence (Appendix F, Table 104) and emotionality (Appendix F, Table 105)
were non-significant and accounted for none of the score variance. This finding
suggests that the relationship between test performance and test anxiety did not vary as
a function of test mode. Therefore, none of the individual differences under
investigation affected the computerised-conventional equivalency of the ACER-AQ.

To test whether the relationship between trait anxiety and test performance was the
same regardless of mode of testing, the interaction of trait anxiety with test mode was
added to the regression of ACER-AQ scores on the combination of trait anxiety and test
mode. An identical analysis was undertaken to examine the possible interaction of state
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anxiety with test mode. The interaction between test mode and trait anxiety was nonsignificant, β = 0.11, t(97) = 1.12, p = .265, and did not contribute to a significant
improvement in model fit (∆R² = .01, FChange [1, 97] = 1.26, p = .265).

Likewise, the interaction of state anxiety with test mode was non-significant following
the deletion of two multivariate outliers, β = 0.13, t(97) = 1.14, p = .257. Furthermore,
no significant improvement in model fit was evident when including the interaction of
state anxiety with test mode (∆R² = .01, FChange [1, 97] = 1.30, p = .257). This finding
suggests that the scores on the computerised and conventional version of the ACER-AQ
were not differentially affected by individual differences in state anxiety or trait anxiety.

In light of Spielberger’s (1966a) state-trait theory, hierarchical regression analysis was
also used to investigate whether trait anxiety might interact with state anxiety with
respect to its association with test performance. In the present context the three-way
interaction was entered to determine whether the individual difference variables under
study interacted with one another and with the method of presentation to account for
additional variation in test scores. The regression model did not differ significantly from
zero when all independent variables were included in the equation, R = .25, R² = .06,
FChange(7, 88) = 0.86, p = .543. Likewise, the three way interaction was statistically nonsignificant, β = -.02, t(88) = -0.12, p = .907. The non-significant three-way interaction
suggests that the relationship between test performance, trait anxiety and state anxiety
did not vary across administration conditions.

Similar analyses were undertaken to examine the possible interactions between the same
individual difference variables and test mode when using Time 2 scores as the
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dependent variable. Hence, number-correct on the second administration of the ACERAQ was regressed on: (1) Time 1 scores, (2) the same selected individual difference
variables, (3) mode in which the test was administered, and (4) the interaction between
the individual difference variable and mode of test administration. Results are presented
in Appendix F, for test anxiety worry (Appendix F, Table 106), distractibility
(Appendix F, Table 107), confidence (Appendix F, Table 108), emotionality (Appendix
F, Table 109) and both trait (Appendix F, Table 110) and state anxiety (Appendix F,
Table 111). Overall, none of the interaction terms were significant and none explained a
significant amount of variation in test scores after controlling for performance on the
initial test.

8.3.8.3 Correlations Between Performance on the ACER-AQ and Intrusive
Computer-Specific Thoughts
Study 1 also aimed to investigate whether the occurrence of debilitative computer
related thoughts differentially affected examinees’ performance on the p&p versus
computer-based version of the ACER-AQ. Correlations were derived to examine
whether scores on the two formats covaried differently with measures of negative
computer thoughts. Descriptive statistics and Pearson correlations among measures of
negative computer thoughts and number-correct on the ACER-AQ are reported
separately for both the P-C and C-P groups in Table 42.

None of the correlations of interest were significant when adopting a Bonferonni
adjusted alpha level of .003 to control the Type I error rate. Thus performance on the
computerised and conventional versions of the ACER-AQ was not significantly
associated with negative computer related thoughts as measured by the SCS-Total and
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its fear and control sub-scales. Likewise, distractibility or off-task thinking and
computer-specific worry cognitions were unrelated to p&p and CBT performance.

Table 42
Descriptive Statistics and Correlations Among Measures of Intrusive Computer
Thoughts and Performance on the ACER-AQ by Test Group and Administration Time

Variables

1. Correct

P-Ca

C-Pb

M

M

(SD)

(SD)

9.11

10.26 _

Time 1

(4.21) (3.94)

2. Correct

10.61 12.06

Time 2

(4.33) (4.81)

3. SCS
Control
4. SCS
Fear
5. SCS
Total
6. SACS
Worry

2.87

2.60

1

2

3

4

5

6

7

.77*

-.22

-.20

-.27

-.31

-.14

.78*

_

-.23

-.13

-.23

-.25

-.23

-.19

-.16

_

.22

.82*

.41*

-.08

.10

.10

.52*

_

.74*

.56*

.11

-.12

-.13

.94*

.76*

_

.62*

.12

-.06

-.07

.51*

.53*

.52*

_

.26

-.10

-.01

.02

.02

.05

.25

_

(0.88) (0.94)
1.93

1.61

(0.75) (0.45)
2.40

2.13

(0.64) (0.66)
1.44

1.37

(0.40) (0.37)

7. SACS

2.03

Distract

(0.76) (0.67)

1.92

-ibility
Note. Correlations above the diagonal are for the P-C group; correlations below the
diagonal are for the C-P group.
a

Due to missing values on some variables, n ranged from 50 to 54 for the P-C group.

b

Due to missing values on some variables, n ranged from 49 to 50 for the C-P group.

* p < .003

274

For the P-C group, however, a significant negative correlation emerged between the
SACS-Worry and performance on the p&p test, r(50) = -.31, p = .031, rather than the
CBT, r(50) = -.25, p = .084, at the 5 % level of significance. Nonetheless, there was not a
statistically significant difference in the strength of the correlation between computer
specific worry cognitions and performance on the paper and computerised test, t(47) =
0.63, p > .05.

8.3.8.4 Interaction of Intrusive Computer Thoughts with Testing Mode
When examining the interaction of computer thoughts as measured by the SCS-Total
with test mode, one univariate outlier and one multivariate outlier was identified and
deleted. The interaction of computer thoughts with test mode was not significant, β =
0.09, t(95) = 0.93, p = .353, and no significant improvement in model fit was evident
when the interaction effect was included in the regression model (∆R² = .01, FChange [1,
95] = 0.87, p = .353). Identical, albeit separate, analyses were undertaken to examine
the possible interaction of control and fear cognitions and test mode. The results were
similar. Following the removal of one univariate outlier a non-significant interaction
was found for control cognitions and test mode, β = -0.07, t(96) = -0.71, p = .479.
Furthermore, the addition of the interaction effect did not result in a substantial
improvement in model fit (∆
∆R² = .01, FChange [1, 96] = 0.51, p = .479). When examining
the interaction of fear cognitions with test mode the results indicated that the interaction
term was not significant, β = 0.15, t(96) = 1.33, p = .188, and accounted for none of the
variance in test scores (∆
∆R² = .02, FChange [1, 96] = 1.76, p = .314).

Likewise, separate hierarchical regression analyses were performed to examine the
possible interaction of test mode with worry cognitions and distractibility as measured
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by the SACS. After removing one univariate outlier a non-significant interaction was
found for worry cognitions and test mode, β = 0.12, t(96) = 1.21, p = .230. Furthermore,
no significant improvement in model fit was evident when including the worry × test
mode interaction in the regression model (∆R² = .00, FChange [1, 96] = 1.46, p = .230).
Likewise, a non-significant interaction was found for distractibility cognitions and test
mode, β = 0.12, t(94) = 1.61, p = .110. Furthermore, no significant improvement in
model fit was evident when including the distractibility × test mode interaction in the
regression model (∆
∆R² = .01, FChange [1, 94] = 2.60, p = .110).

As shown in Appendix F, none of the interaction terms were significant when scores
obtained on the second administration of the ACER-AQ were regressed on (1) Time 1
scores, (2) the same selected individual difference variables, (3) mode in which the test
was administered, and (4) the interaction between the individual difference variable and
mode of test administration. Hence, the results indicated that the interactions were nonsignificant between test mode and individual differences in negative computer thoughts
(Table 112), control cognitions (Table 113), fear cognitions (Table 114), computer
specific worry cognitions (Table 115) and distractibility (Table 116). These finding
suggests that the relationship between test performance and intrusive computer related
thoughts did not vary as a function of test mode. Therefore, none of the individual
differences under investigation was found to influence test equivalence.

8.3.8.5 Correlations Between Performance on the ACER-AQ and Computer
Experience and Computer Anxiety
Pearson correlations were derived to determine whether scores from the paper versus
computer administrations of the ACER-AQ covaried differently with measures of
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computer experience and computer anxiety. Scale means, standard deviations and
correlations among computer anxiety, computer experience and performance measures
for the P-C and C-P groups are reported in Table 43.

Table 43
Descriptive Statistics and Correlations Among Measures of Computer Anxiety,
Computer Experience and Performance on the ACER-AQ by Test Group and
Administration Time
P-C

C-P

M

M

(SD)

(SD)

9.11

10.26

Time 1

(4.21)

(3.94)

2. Correct

10.61

12.06

Time 2

(4.33)

(4.81)

2.10

1.98

Anxiety

(0.74)

(0.74)

4. Frequency

1.80

1.93

of Use

(0.28)

(0.30)

5. Perceived

2.68

2.83

(0.63)

(0.65)

Variables

1. Correct

3. CAS

Proficiency

Variables
1

2

3

4

5

_

.77*

-.18

.23

.34

.78*

_

-.27

.29

.36

-.03

-.16

_

-.29

-.44*

.28

.19

-.43*

_

.57*

.16

.16

-.50*

.72*

_

Note. Correlations above the diagonal are for P-C test-takers; correlations below the
diagonal are for C-P test-takers.
* p < .004
For both the P-C and C-P group computer proficiency, computer use and computer
anxiety were unrelated to performance on both the p&p and computerised versions of
the ACER-AQ at the adjusted alpha level of .004. For the P-C group, however, a
significant negative correlation emerged between perceived ability and performance on
the conventional, r(51) = .34, p = .014, and computerised version of the ACER-AQ,
r(51) = .36, p = .010, at the 5% level of significance. However, the strength of the
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correlation between perceived computer proficiency and performance on the paper
versus computerised test did not differ as a function of test mode, t(48) = 0.16, p > .05.

Moreover, a significant negative correlation emerged between the frequency of use and
performance on the computerised test, r(51) = .29, p = .042, rather than the conventional
test, r(51) = .23, p = .103, at the 5 % significance level. However, there was no
significant difference in the strength of the relationship between computerised versus
conventional test performance and frequency of computer use, t(48) = 0.60, p > .05
(Howell, 2001). Together, these findings suggest that computerised-conventional
equivalency was not affected by computer experience or computer anxiety.

8.3.8.6 Interaction of Testing Mode with Computer Experience and Computer
Anxiety
To test whether the relationship between computer anxiety and test performance is
similar regardless of mode of testing a computer anxiety × test mode interaction term
was added to the regression of ACER-AQ scores on the combination of computer
anxiety and test mode. After the removal of two multivariate outliers the interaction of
computer anxiety with test mode was not significant, β = 0.08, t(95) = 0.80, p = .426.
Furthermore, the interaction term failed to explain a significant proportion of score
variance (∆
∆R² = .00, FChange [1, 95] = 0.64, p = .426). This result suggests that the
relationship of computer anxiety to test performance was the same for the paper-based
and computer-based versions of the ACER-AQ.

Similar analyses were undertaken to examine the possible interaction of both computer
use and perceived computer proficiency with test mode. After the removal of one
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univariate outlier the interaction between computer use and test mode was not
significant, β = 0.01, t(96) = 0.14, p = .887, and no significant improvement in model fit
was evident, (∆R² = .01, FChange [1, 97] = 1.00, p = .321). Likewise, a non-significant
interaction was found between perceived computer proficiency and test mode, β = 0.10, t(97) = -1.00, p = .321, and no significant improvement in model fit was evident
(∆
∆R² = .02, FChange [1, 96] = 0.02, p = .887). This evidence suggests that the relationship
between computer experience and test performance did not differ as a function of test
mode.

A set of hierarchical regression analysis was performed whereby number-correct on the
second administration of the ACER-AQ was regressed on (1) Time 1 scores, (2) the
same selected individual difference variables, (3) mode in which the test was
administered, and (4) the interaction between the individual difference variable and
mode of test administration. The results presented in Appendix F show that a nonsignificant interaction was found between test mode and the individual difference
variables of computer use (Table 117), perceived computer proficiency (Table 118) and
computer anxiety (Table 119).

8.3.8.7 Summary of Findings Pertaining to the Study of Relativity of Equivalence
The purpose of Section 8.3.8 was to explore whether certain individual difference
variables differentially affected examinees’ performance on the conventional versus
computerised version of the ACER-AQ. For the P-C and C-P groups, the relationship
among scores obtained on the conventional and computer-based versions of the ACERAQ and scores on the test anxiety scales, state and trait anxiety scales were comparable
across time. Likewise, for the two counterbalanced groups comparable within-group
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correlations were found across time for computer thoughts, computer experience and
computer anxiety. Therefore, none of the individual difference variables covaried
divergently with test mode.

From a between group perspective, test anxiety worry was found to interact
significantly with test mode at Times 1 and 2. However, the results showed that the
performance across time varied as a function of test group rather than mode of test
administration. Therefore, test anxiety worry was not a source of non-equivalence in
ACER-AQ test scores. None of the other individual difference variables of interest was
found to interact with test mode. Therefore, none of the individual differences was
found to affect the equivalency of scores obtained on the conventional and computerised
versions of the ACER-AQ.

8.4 Summary and Commentary of Findings for Study 2
8.4.1 Psychometric Equivalence
The present study examined the equivalence of p&p and computerised administrations
of the ACER-AQ in terms of psychometric, behavioural, experiential and individual
difference aspects. Concerning the study of psychometric equivalence, the results of this
investigation suggests that the computerised administration of the ACER-AQ yielded
scores that were essentially equivalent to those obtained via p&p administration
procedures. A comparison of between-group effects indicated that the computerised and
paper versions were equivalent in terms of mean performance, score distribution and
score dispersion. From a within-group perspective, similar rankings and distribution of
scores were found for the counterbalanced groups. In addition, all four test groups
showed a similar increase in mean scores from the first to the second administration.
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This result is essentially what one would expect if only practice effects and no mode of
administration effects were present.

With respect to score variability, test scores on the computer and p&p versions of the
ACER-AQ differed in terms of score dispersion for the C-P rather than P-C group.
However, a similar pattern of results was obtained for the P-P group with p&p scores
showing greater variability at Time 2 relative to Time 1. Therefore, a test order effect
was found for the p&p test with the second administration yielding greater variability
than the initial administration for both the P-P and C-P groups. The cross-mode
difference in score variability obtained for the C-P group should be interpreted with
caution as this may reflect a test order effect as much as a mode-of-administration
effect. Thus, in light of this order effect the present findings suggest that scores obtained
on the p&p and CBT versions of the ACER-AQ were essentially equivalent.

8.4.2 Behavioural Equivalence
Study 2 also aimed to explore whether subtle differences in item presentation elicited
changes in the strategies with which examinees approached the test items. Initially,
cross-mode differences in response strategy were explored by comparing the number of
items solved, omitted, not-reached and the average number of solved and correctly
solved items across all four test groups. For the P-C group the results indicated that
participants rate of responding was hindered somewhat by the change in mode of test
delivery. Specifically, only a small change in both the variance index of speededness
and the proportion of examinees completing all items on the ACER-AQ was found for
the C-P group relative to the other test groups. With respect to items solved, examinees
in the C-P group solved significantly fewer items on the conventional test than predicted
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by their performance on the computerised test. The examination of item omit patterns
demonstrated that the number of omitted items differed as a function of administration
mode with the p&p version yielding a greater number of omits than the computerised
version. The consequence of this strategy difference on the total number of correctly
solved items across the test groups was varied. Specifically, the computerised and
conventional tests seemed to induce different levels of accuracy with the computerised
version encouraging faster and more inaccurate responding than the conventional test.

A similar pattern of results was obtained when comparing test-taking information for
those groups administered the conventional test first with those groups administered the
computerised test first, and when comparing indices of test-taking behaviour for those
groups administered either the conventional or computerised test second. From a
combined group perspective the findings reported in Section 8.3.6 provided evidence to
suggest that participants completing the ACER-AQ on computer progressed through the
test at a faster rate than those completing the ACER-AQ on paper. Specifically,
examinees in both the computer-first and computer-second groups solved more items,
on average, than the test groups administered the paper test first or second. A
consequence of this strategy difference was that the total number of correctly solved
items varied across the conventional versus computerised test conditions at Time 2.
Again, the two test versions induced different levels of accuracy with the computerised
version encouraging less accurate responding relative to the paper test. Item omit
patterns were also found to differ as a function of administration mode. Specifically,
results indicated that the number of omitted items differed as a function of
administration mode with the p&p version yielding a greater number of omits than the
computer test, irrespective of test order. Overall, these findings suggest that examinees
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followed different test-taking strategies on the conventional and computerised versions
of the ACER-AQ.

8.4.3 Experiential Equivalence
The examination of experiential equivalence demonstrated that a qualitatively different
test-taking experience was created by computerising the ACER-AQ. Consistent with
Study 1, a significantly smaller proportion of test-takers indicated feeling anxious and
nervous when completing the test on computer than paper, but found it easier to check
responses on the p&p test relative to the CBT. As a result, students expressed a
preference for conventional testing over computerised testing. To this end, examinees’
emotional and attitudinal reactions towards the test-taking experience differed as a
result of the varying test formats. However, the results indicated that examinees’
reactions towards the test-taking experience did not represent an important source of
irrelevant variance on the ACER-AQ. Thus in accordance with Study 1 the findings of
the present study also suggests that examinees’ cognitive and affective reactions
towards the CBT experience were unrelated to performance on both the CBT and
conventional test. Potential areas for future research are considered in Chapter 9
(Section 9.3).

8.4.4 Relativity of Equivalence
A further aim of Study 2 was to examine the equivalence of the ACER-AQ in terms of
individual difference aspects (i.e., relativity of equivalence). This aim was achieved by
employing correlational and hierarchical regression analyses to examine whether scores
from the p&p and computerised formats covaried differently with the same individual
difference variables explored in Study 1 (i.e., test anxiety and its components, trait
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anxiety, state anxiety, computer thoughts, trait computer anxiety, state computer
anxiety, computer experience). Overall, the results indicated that none of the individual
difference variables had a differential effect on ACER-AQ scores under computer and
p&p test conditions. Again these findings were not completely unexpected given the
university students participating in this initial study were comfortable and proficient
computer users. In light of the present findings, additional empirical work exploring the
effect of individual difference variables on test equivalence based on larger and more
diverse populations is encouraged.

What does emerge from Study 2 is that future equivalency research should examine test
equivalence in terms of behavioural aspects. Specifically, the results of the present study
indicated that examinees’ test-taking behaviour might vary according the format of the
test, and their reactions towards the test, thus affecting the constructs measured by each
test. Although the p&p and CBT forms proved comparable in terms of mean scale
scores, dispersion and distribution of scores, the two test versions yielded differential
speededness and item omit patterns. As noted by Honaker (1988), if differential
speededness is found across conventional and CBT versions then it is reasonable to
assume that the two test formats are measuring different constructs or content. Since the
computer-based version of the ACER-AQ encouraged faster responding then it is
plausible to assume that at least two traits are impacting on test performance: speed of
performance and the ability or trait measured by the test content. In the p&p form,
however, it is assumed that a single ability or trait is necessary to “account” for
examinee test performance (Hambleton et al., 1991). The implication of differential
speededness for test validity is further addressed in Chapter 9 (Section 9.2). In addition,
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Chapter 9 outlines the empirical implications of the research findings presented in
Studies 1 and 2, while practical and theoretical contributions are also considered.
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CHAPTER 9: Discussion
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This thesis was designed to explore the equivalency of scores obtained from
conventional versus computerised measures of cognitive ability in terms of
psychometric, behavioural, experiential and individual difference aspects. A further
purpose of this thesis was to provide clarification for the potentially facilitative and
debilitative effects of computer anxiety on CBT performance. In light of these research
objectives, independent studies were conducted in an organisational and educational
setting. Chapter 9 is the first of two consecutive chapters that focus on the main
empirical and theoretical consequences of this thesis. The present chapter summarises
the main research findings, while empirical, practical and theoretical implications are
also considered. Specifically, Sections 9.1 to 9.4 provide a summary of the main
findings pertaining to the study of test equivalence in terms of all four criteria. Section
9.5 reviews the findings of Study 1 in terms of the theoretical model proposed. Section
9.6 outlines research limitations and implications for future research, while sections 9.7
and 9.8 address the practical and theoretical implications of the research findings for
computer-based assessment. A discussion of the theoretical implications of this thesis
highlights the urgent need for a more comprehensive and integrative model of computer
anxiety. To address this need, the Transactional Process Model of Computer Anxiety
(TPM-CA) is presented in Chapter 10 as a heuristic framework for representing the
antecedent conditions, dispositions and cognitive processes that encourage individuals
to react with state anxiety over a range of situations involving computers. This model
also provides a theoretical framework for future research bearing on the nature of the
computer anxiety- CBT performance relationship by integrating the CIM-CA and
transactional process models of test anxiety (Spielberger & Vagg, 1995; Zeidner, 1998).
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9.1 Test Equivalence: Psychometric Aspects
Concerning the study of psychometric equivalence, the results of Study 1 showed that
performance on both Test MX and Test C was differentially affected by mode of test
administration. Overall, the conventional and computerised tests were not equivalent in
terms of mean scores, score distribution and dispersion. The results of Study 2, on the
other hand, suggested that the computerised administration of the ACER-AQ yielded
scores that were essentially equivalent to scores from the p&p administration of the test.
In view of this contradictory evidence, test developers cannot assume that a
computerised version of an assessment measure is equivalent to its p&p counterpart
without first demonstrating psychometric equivalence. Hence, the results of this thesis
underscore the need to determine empirically, rather than merely assume, the
psychometric equivalence of computer-based and paper versions of a test. It is
important to note, however, that equivalency need only be demonstrated when p&p tests
have been translated into CBT and when norms, cut-score and validity information is to
be generalised across the two modes. As noted by McDonald (2002), this typically
occurs in high stakes educational testing and testing for diagnostic purposes where test
statistics and cut-scores are established. Nonetheless, it needs to be recognised that
computer-based testing offers enormous scope for innovations in testing. In light of the
many advantages of computerised testing over conventional testing the use of
computers is becoming more common in areas such as occupational selection, largescale educational testing and psychological assessment (ACER, 2003; Federico, 1992;
McDonald, 2002). Thus with computer costs decreasing, and people’s familiarity of
these systems increasing, it becomes more likely economically and technologically that
many benefits can be gained from their use over conventional methods (Federico,
1992). However, the gradual nature of the change from conventional to computerised
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testing suggests that both modes are likely to co-exist for the foreseeable future, with
some tests existing in both formats (McDonald, 2002). In this instance, the examination
of test equivalence will continue to provide valuable evidence on whether the scores
and/or constructs being assessed through CBT are the same as those assessed through
p&p testing.

9.2 Test Equivalence: Behavioural Aspects
This thesis also examined whether administration mode influenced the strategies with
which examinees approached the test items and thus the behavioural equivalence of the
computerised and conventional formats. This aim was achieved by comparing indices of
test speededness and item omit patterns across the conventional and computerised
modes. A number of researchers have attributed differential speededness across modes
to differences in response procedures (e.g., Federico, 1992; Mead & Drasgow, 1993)
and formatting differences (e.g., Mazzeo & Harvey, 1988; Webster & Compeau, 1996).
With respect to response procedures, Federico (1992) suggested that using a mouse
might be easier and thus more efficient than marking a separate answer sheet. Schaeffer
et al. (1993), on the other hand, argued that under timed conditions rapidly filling
response ovals on a p&p answer sheet might be easier than clicking through
uncompleted questions on a CBT. Overall, the results of Study 1 provide support for
Schaeffer et al.’s (1993) position, while the results of Study 2 provide support for
Federico’s (1992) viewpoint. Together these findings suggest that differences in the
input device utilised could impact on examinees’ rate of responding. However, the use
of different cognitive ability tests, in conjunction with differences in the technology and
samples employed, makes it difficult to generalise across studies. Therefore, a further
explanation for the inconsistencies found across Studies 1 and 2 with respect to test
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speededness concerns the motivated versus unmotivated test conditions. Although the
students in Study 2 seemed to be taking the test seriously, they also knew that their
scores would not be used for assessment purposes. Given the low-stakes test
environment it is possible that the students may have been more inclined to work
through the CBT and provide answers to uncompleted test items as the end of the test
was approaching. This change in test-taking strategy could account for the faster
responding found in Study 2. Although the reasons for the contrasting findings remain
contentious, the results of this thesis demonstrate that examinees’ rate of responding
(i.e., speededness) may differ as a function of administration mode thus compromising
the validity of the test (Huff & Sireci, 2001). Hence, the present findings demonstrate
the importance of exploring test-taking behaviour as a potential source of construct
irrelevant variance in computerised testing. In light of these findings, differential
speededness should be addressed in future research before generalising validity
information from tests administered on paper to computer.

In both studies, the number of omitted items was consistently different with the paper
version yielding a greater number of omits than the computerised version. Van de
Vijver and Harsveld (1994) reported similar results when administering the Dutch
version of the GRE to 163 matched applicants of the Dutch Royal Military Academy.
They attributed the differential omit patterns to item presentation since the computerised
test presented a single item per screen, while the conventional test presented several
items on a single page. Van de Vijver and Harsveld (1994) argued that item skipping on
the computerised test required a deliberate choice by the examinee given that the
computer presented a single item and thus required a response to each item before
progressing to the next. Given these formatting differences it is plausible that an
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examinee may be more compelled to provide an answer on a computerised test given
that each item is presented individually and requires a deliberate choice before moving
to the next item. Hofer and Green (1985), on the other hand, maintain that single item
presentations force the examinee to attend more carefully to each item. It is possible that
this heightened state of attentional focus may encourage the examinee to work on an
item until an answer is generated thus limiting item skipping. Whitener and Klein
(1995) have postulated that differential omit patterns may stem, at least in part, to
differences in the ability to scan through items. They note that computerised tests often
restrict scanning by presenting one item at a time, while conventional tests facilitate
scanning by presenting several items on a page. Thus, the differential response patterns
reported in both studies may stem from differences in the number of items presented
across modes. However, whether these differential response patterns stem from
formatting differences per se (several items on paper versus single item on computer),
or underlying psychological mechanism (i.e., obligation to respond, increased
attentional focus) associated with these formatting differences awaits further empirical
study.

One implication of this tendency to omit fewer items on the computerised test is that the
mode of presentation could make a difference in the propensity to guess on an item thus
affecting computerised-conventional equivalency (Chin et al., 1991). Likewise, the
inability to scan numerous items on the computerised test in order to select easier or
preferred items may also impede examinees’ CBT performance and thus test
equivalence (Hofer & Green, 1985). To this end, the differential omit patterns may have
accounted, in part, for the performance differences reported in Study 1, albeit no such
differences were found in Study 2. Given the different samples (i.e., ADF applicants
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compared to students) and tests (i.e., multiple choice versus free response) employed,
and given the vast difference in the importance of the test outcomes (i.e., career
implications versus course credit), it is difficult to generalise across studies and thus
provide an accurate account of these divergent findings. However, the results of Study 1
provide some evidence to suggest that modifications in the way items are presented on a
computer may change examinees’ test-taking behaviour to the extent that performance
on a computerised test and conventional test may differ. In light of this finding, future
research should continue to explore formatting differences and test-staking behaviour as
potential sources of construct irrelevant variance in CBT.

Future research on formatting effects is also encouraged given the potentially adverse
effects of item skipping on formula scored tests and instruments used for personality
assessment (Bugbee, 1996; Butcher et al., 2000). As noted by Bugbee (1996), crossmode differences in omit rates have potentially serious implications for score
comparability on formula scored aptitude tests that involve a penalty for incorrect
answers but no penalty for omitted items. The results of this thesis suggest that the rate
at which test-takers omit items on a computerised test may differ from the rate at which
items are omitted on a conventional test. As a result, particular care will need to be
taken in producing automated versions of tests that are formula scored (Bugbee, 1996).
Moreover, the potential impact of formatting differences on computerised-conventional
equivalency may extend to personality assessment where variations in item presentation
and response recording may lead to differences between the two modes. For instance,
Green (1988) expressed concern about the effect of item omitting on the validity of
personality instruments by noting that “Even if the test permits ‘SKIP’ or ‘NEXT
ITEM’ as a response option, that button must be pressed and even that can alter the test”
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(p. 78). Likewise, Mazzeo and Harvey (1988) attributed lower scores on the
computerised version of the Minessota Multiphasic Personality Inventory to differential
omit rates brought about by the change in mode of test delivery. As a result, formatting
issues need to be addressed in future studies exploring the comparability of computer
and conventional measures of cognitive ability and/or personality. For instance, future
research could explore whether differential response patterns dissipate when presenting
a comparable number of items on the CBT relative to its conventional counterpart
(Dimock & Cormier, 1991). Whether item presentation has an effect on test scores is
important to CBT developers especially if test score equivalence and validity are
demonstrated by simply matching the number of items presented across forms.
Likewise, future research needs to continue to assess differences in response procedures
as a likely cause of mean score differences across modes. In the past, researchers have
argued that the effect of response procedure on performance will diminish as examinees
become more familiar with computerised testing and as the computer interface becomes
more similar to conventional tests (e.g., pen-based computer operating systems). As a
result, differences in the nature of stimulus presentation and the input devise utilised
should be noted in future equivalency studies, while differences in the solution
strategies adopted by those tested should also be acknowledged (Mead & Drasgow,
1993; Van de Vijver & Harsveld, 1994). Thus, future research needs to continue to
assess the impact of formatting differences on examinees test-taking behaviour as a
means of identifying and thus controlling sources of non-equivalence between
computerised and conventional measures.
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9.3 Test Equivalence: Experiential Aspects
This thesis also examined test equivalence in terms of experiential aspects. The ATCAS
was developed to examine individual differences in examinees’ attitudinal and
emotional reactions towards the computer-based versus conventional test environment.
The findings from Studies 1 and 2 demonstrate that the p&p and computerised formats
were experienced differently by the test-takers. Examinees in both studies found it
easier to check responses on the p&p test, while a higher proportion of examinees in
Study 1 found it easier to read and answer items on the computer. Overall, examinees in
Study 1 reported a preference for computerised testing over conventional testing, while
examinees in Study 2 reported a preference for conventional testing. A potential reason
for this contrasting finding relates to the input device utilised. In Study 2 students were
required to enter their results and navigate through the test using a keypad, while
students in Study 1 used a mouse to perform the same functions. In the past, keyboard
entry has been cited as a potential source of frustration, which may adversely affect
examinees performance (Vispoel et al., 1994). Thus it is plausible to assume that
participants in Study 2, relative to Study 1, expressed a preference for conventional
testing over computerised testing due to the frustration they experienced when using the
keyboard. Hence, future equivalency studies using more realistic classroom and
standardised testing situations may wish to explore the effect of the input devise utilised
on examinees’ emotional reactions and performance. In both studies, however, testtaker reactions were unrelated to performance on both the conventional and
computerised test versions. Together these findings suggest that examinees’ reactions
towards the test-taking experience did not differentially affect performance across
modes. However, these findings cannot be generalised to other populations or tests. As a
result, future research should continue to explore experiential factors as a potential
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source of construct irrelevant variance in computerised testing. Thus in providing one of
the first systematic examinations of experiential factors and their impact on test
equivalence this thesis provides a starting point for research on experiential equivalence.

For future research the ATCAS is offered as a practical tool for exploring the effect of
experiential factors on test equivalence. Hence, researchers may use the ATCAS both as
a research variable and as a control variable in future studies. Given that the
participating organisation requested the questionnaire be kept as simple and short as
possible future studies may consider incorporating additional items that explore
examinees’ perceptual reactions towards the conventional verus computerised test
environment. For instance, time-to-completion differences between the modes are also
relevant to the experiential components of the test modes. A number of studies have
reported that examinees perceive the computer administration as quicker than paper
formats (e.g., Bresolin, 1984; Rozensky, Honor, Rasinski, Tovian, & Herz, 1986). As
noted in Section 9.2, other researchers propose that computerised tests force more
careful attention to test items than conventional tests (Federico, 1992; Hofer & Green,
1985). Currently, it is unclear what effect these perceptions have on examinees rate of
responding or psychometric equivalence. As a result, future research might consider
extending the ATCAS to include additional Likert-type or open-ended items. These
items could explore how examinees’ perceptions of the conventional versus
computerised test experience might affect the overall assessment process and potentially
computerised-conventional equivalency. If circumstances permit, interviews, talk-aloud
protocols or focus groups could also be used to further identify experiential factors that
might affect test score equivalence (Parshall et al., 2002). In such instances the ATCAS
could be used as a preliminary measure to identify those individuals who express an
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overall preference for either computerised or conventional testing. Once these
individuals have been identified a more thorough assessment of the kind of test features
(e.g., formatting and navigational issues, time management and/or frustration,
motivation) contributing to such a preference could be explored using these alternate
assessment methods (See Goldberg, 2000).

Overall the results of this thesis suggest that computerised test administration
constitutes a qualitatively different testing experience from that of conventional
administration. Hence, the results of this thesis reinforce McDonald’s (2002) position
that “There is a need to look at experiential equivalence, making the reactions of
individuals to the assessment experience a valid source of study in the field of
equivalence” (p. 4). Thus future research should continue to explore how experiential
differences between the modes might affect the construct measured by each test and so
their statistical equivalence. This research should extent beyond cognitive ability
assessment to personality assessment and clinical assessment where experiential
differences have also been explored, but implications for equivalency remain
unresolved (Kobak, Reynolds, & Geist, 1994).

9.4 Test Equivalence: Individual Difference Aspects
This thesis also explored test equivalence in terms of individual difference aspects (i.e.,
relativity of equivalence). Although the need to examine potential individual differences
has been repeatedly emphasised (Honaker, 1988; McDonald, 2002; Tseng et al., 1998;
Vispoel et al., 1994), researchers have yet to conduct a comprehensive and systematic
evaluation of individual difference variables that may affect test equivalence. This thesis
is the first to address this issue. Specifically, relativity of equivalence was assessed
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using correlation and hierarchical regression analyses to determine whether scores from
the p&p and CBT formats covaried differently with a number of selected individual
difference variables. The results of Studies 1 and 2 indicated that none of the
interactions between the selected individual difference variables and administration
modes reached statistical significance. Hence, the results of this thesis fail to provide
compelling evidence that computer familiarity, computer anxiety, test anxiety, state or
trait anxiety or negative computer thoughts unduly affect performance on computerised
tests of cognitive ability.

The absence of significant interactions was not completely unexpected given the
samples employed. Participants in Study 1 were predominantly young males. By
contrast the sample used in Study 2 was predominantly female undergraduates aged in
their early twenties. It is important to note that the ratio of male to female participants
reported in Study 1 is representative of an ADF population (Rodgers, 1994; Smith,
Caputi, Thomas, Meany, & Twomey, 2001), while the greater ratio of female to male
students reported in Study 2 is representative of an Australian psychology
undergraduate population (Smith & Caputi, 2001; Smith et al., 1999). However, the
absence of significant computer usage and computer anxiety effects may have occurred
because participants in both studies reported having considerable experience with
computers and thus felt comfortable using them. Moreover, a high proportion of
participants in both studies reported having completed a computerised test in the past.
Thus, although the participants were representative of ADF and undergraduate
populations, due to the restricted age range, the samples were not representative of the
general population in terms of the range of computer experience or computer anxiety. It
is possible that a less computer proficient population might experience operational
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difficulties and/or computer anxiety when faced with a novel CBT situation. Because of
this issue future research should test the impact of these individual difference variables
on test equivalence using more heterogenous samples. On a positive note, however,
none of the individual difference variables were found to affect performance on the
computerised tests, and so their equivalence with their conventional counterparts. As a
result, this thesis provided no evidence to suggest that individual difference variables
affect the validity of test score interpretation. However, the role of individual
differences in inferring the construct validity of scores from conventional and
computerised tests should be explored in the future when both formats are likely to coexist and where norms, cutting scores and validity data are to be used interchangeably.
If scores from the two formats are found to covary differently with an individual
difference variable then one version of the test is measuring a different construct from
the other. In this case normative and validity information cannot be generalised across
forms (Tseng et al., 1997).

Thus research exploring the impact of individual differences on the comparability of test
scores is needed to establish validity across forms. Research addressing relativity of
equivalence is also needed to ensure that computerised testing provides fair testing for
all test-takers. With respect to fairness and equity issues, concerns have been expressed
for the potential of computerised testing to widen the performance gaps of existent
gender, race/ethnic and socio-economic groups due to unequal access (Association of
Test Publishers, 2000; Baisden & Reich, 2000; Parshall & Kromrey, 1993). Studies
have shown a positive association between human-computer factors such a gender, age,
educational level, socio-economic status and computer attitudes, experience and use
(Shashaani, 1994; Sutton, 1997). As population diversity increases it would be desirable
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for organisations in general, and the ADF in particular, to monitor whether cultural and
gender differences arise when examinees are tested by computer rather than
conventionally (Association of Test Publishers, 2000; Baisden & Reich, 2000; Fulcher,
1999). If certain subgroups are found to be disadvantaged by computerised testing then
pre-examination test familiarisation courses should be provided, or conventional testing
instruments should be made available on request to ensure fair testing for all examinees
(Wise & Plake, 1989).

9.5 State-Trait Conceptualisation of Computer Anxiety
A further aim of this thesis was to offer some clarification of the definition and
measurement of the construct of computer anxiety. In accordance with the CIM-CA,
and in support of Hypothesis 1, a positive association was found between trait computer
anxiety and the cognitive, affective and behavioural aspects of state computer anxiety.
Therefore, the higher the person’s trait computer anxiety the more likely they were to
experience self-deprecatory thoughts, worry, emotionality and distractibility during
actual or anticipated computer interactions. These correlations were basically
unchanged when controlling for state, trait and test anxiety. This finding suggests that
state anxiety reactions experienced by trait computer anxious individuals reflect a
situation-specific response rather than a more generalised type of cognitive and
affective pattern. Taken together, the results of this thesis provide support for the CIMCA by demonstrating that trait computer anxious individuals are more susceptible to
state computer anxiety reactions in situations involving the actual or anticipated use of
computer-based technologies.
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With respect to computer anxiety assessment, the results of Study 1 suggest that state
computer anxiety and trait computer anxiety are distinct constructs that need to be
measured separately in future research. Accordingly, the results of Study 1 provide
further evidence to suggest that the anxiety sub-scale of the CAS (Loyd & Gressard,
1984) constitutes a situation-specific measure of trait computer anxiety independent of
state computer anxiety. This was demonstrated by the moderate correlations found
between CAS-Anxiety and scores obtained on state measures of computer anxiety,
namely, the SCS and SACS (McInerney et al., 1999). While the majority of equivalency
research has focused on administering more trait-oriented measures of computer anxiety
such as the CAS-Anxiety, this study demonstrates the importance of exploring state
computer anxiety reactions independent of trait computer anxiety. Therefore, resolution
of past definitional and measurement problems associated with computer anxiety may
be facilitated by the continued use of the state-trait anxiety distinction as described in
this thesis. The state-trait distinction also has important implications for current theory
and research bearing on the nature of the computer anxiety – performance relationship.

9.6 Computer Anxiety-Performance Relationship
To the author’s knowledge this thesis is the first to employ the state-trait perspective to
explore the effect of computer anxiety on examinees’ performance on computerised
measures of cognitive ability. Thus by introducing the CIM-CA as a theoretical model
for computer anxiety assessment this thesis broke from the traditional unidimensional
conceptualisation of computer anxiety (George et al., 1992; Raub, 1982; Simonson et
al., 1987; Worthington & Zhao, 1999) and emphasised a multidimensional approach to
state computer anxiety assessment. By endorsing the multidimensional perspective this
thesis differed from past research by exploring the mediating effect of cognitive
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intrusions on the computer anxiety-CBT performance relationship. Drawing on
Eysenck’s (Eysenck, 1992; Eysenck & Calvo, 1992) PET, discussed at length in Section
4.3, computer anxiety was hypothesised to impede performance effectiveness,
operationalised in terms of number-correct on the CBT (Hypothesis 3). Likewise,
computer anxiety was expected to have a debilitative effect on performance efficiency,
operationalised in terms of number-solved on the computerised test (Hypothesis 2).
Overall, the results of phases 1 and 2 of Study 1 supported Hypothesis 3 given that
computer anxiety accounted for a significant amount of variance in CBT scores, when
operationalised in terms of number-correct. However, support was not found for
Hypothesis 2. It is important to note, however, that the effect of computer anxiety on
examinees’ rate of responding may have been confounded by changes in examinees’
test-taking behaviour associated with the transition from conventional to computerised
test administration. The results indicated that, irrespective of examinees’ level of
computer anxiety, the computer mode encouraged slower responding than the
conventional mode. As a consequence of this strategy shift the unique effect of
computer anxiety on performance efficiency, independent of response strategy, cannot
be clearly delineated. Thus future research exploring both facilitative and debilitate
effects of computer anxiety on CBT performance may benefit by employing alternate
methods for assessing processing efficiency. Based on Eysenck (1992), assessment
methods that could be employed to examine responses differences among high and low
computer anxious test-takers include measures of subjective effort, psychophysiological
measures, and estimates of processing time and reaction time (e.g., key-press duration,
the number of times an item is reviewed).
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Partial support was found for Hypothesis 4 whereby negative computer thoughts were
postulated to mediate the negative main effect of computer anxiety on performance
effectiveness (i.e., number correct) and efficiency (i.e., number solved). The CIM-CA
discussed in Section 4.4 espouses an “interference” explanation to account for the
adverse effect of computer anxiety on CBT performance. Thus, worry, cognitive
interference, and self-denigrating thoughts are claimed to mediate the effect of computer
anxiety on CBT performance. The results of Study 1 did not demonstrate a mediating
effect of computer thoughts on the computer anxiety - performance efficiency
relationship. As discussed in the previous paragraph, this result may stem from an
unexpected change in examinees test-taking behaviour associated with the
computerisation of the conventional tests employed. Thus test speededness may reflect a
third, unknown, factor that mediates the effect of computer anxiety on the number of
items solved. Future research exploring the role of working memory in computer
anxiety-related performance decrements may also benefit by employing alternate
methods for assessing processing efficiency as mentioned previously.

With respect to performance effectiveness the results of Phase 1 of Study 1 indicated
that negative self-deprecatory thoughts mediated the effects of trait computer anxiety on
performance effectiveness on Test MX (i.e., number-correct). However, this result was
not replicated in Phase 2 of Study 1 when using the computerised version of Test C.
One possible explanation for these inconsistencies concerns the type of cognitive tests
employed. Test MX is comprised exclusively of mathematic problems, while Test C is
comprised of items requiring monetary calculations, multiple-choice items assessing
spelling ability and items requiring the classification, tallying and ordering of objects. A
substantial body of research suggests that the magnitude of the anxiety-performance
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relationship varies with task difficulty (see Zeidner, 1998). Eysenck and Calvo (1992)
define task difficulty in terms of the cognitive processes and resources required for task
performance. They maintain that the adverse effect of anxiety on task performance will
increase in line with increasing task demands of the working memory system, especially
those of the articulatory loop and central executive. Eysenck (1992) notes that the
greatest demands on these working memory components occur during rehearsal and
storage of an accumulating answer. Accordingly, a body of research has show that
working memory is an important component in arithmetic ability, especially in solving
problems in mental calculation (Ashcraft & Faust, 1994; Baddeley, 1986; Butterworth,
Cipolotti, & Warrington, 1996; Logie, Gilhooly, & Wynn, 1994). Given that Test MX is
comprised purely of mathematics items one could argue that Test MX items would
place heavier demands on the working memory system than the more automatic
processes of fact retrieval and spelling required on Test C. Thus, in light of research on
mathematical cognition (Ashcraft, 1992, 1995; Ashcraft & Faust, 1994; Butterworth et
al., 1996; Logie et al., 1994), it seems plausible that inconsistencies found in Study 1
bearing on the computer anxiety-performance relationship may stem, in part, from
differences in the complexity of the cognitive tasks employed and thus differential
demands placed on the working memory system. This account rests on the assumption
that the maths items comprising Test MX placed greater demands on working memory
capacity than items comprising Test C. Needless to say, this viewpoint is speculative
and thus requires further empirical attention before it can be accepted at anything
beyond the initial speculative level.

Nevertheless, a plausible alternative explanation relates to mathematics anxiety and the
underlying cognitive processes involved in arithmetic and mathematics performance.
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Ashcraft (1992, 1995) and colleagues (Ashcraft & Faust, 1994; Ashcraft & Kirk, 2001;
Ashcraft, Kirk, & Hopko, 1998) have applied Eysenck’s (Eysenck, 1992; Eysenck &
Calvo, 1992) PET to account for the debilitative effect of maths anxiety on maths
performance. For the most part, this initial research has shown that math anxiety
disrupts the efficient operation of the working memory system, and thus any
mathematical processing that relies on working memory (Ashcraft, 1995; Ashcraft,
Donley, Halas, & Vakali, 1992). As a result, future research is needed to delineate the
effect of computer anxiety, independent of mathematics anxiety, on CBT performance.
Likewise, future research addressing cognitions in mathematics anxiety should also
address whether performance decrements on computer-based maths tasks reside from a
mathematic anxiety effect or computer anxiety effect. Although research has shown that
maths anxious participants achieve lower scores on computer administered maths tests
than their nonanxious peers, the extent to which such decrements in performance relate
to computer anxiety rather than maths anxiety has not been explored (e.g., Ashcraft &
Faust, 1994). In light of CIM-CA and PET (Eysenck, 1992; Eysenck & Calvo, 1992),
future research needs to continue to explore the unique effects of computer anxiety on
computerised measures of cognitive ability in general, and computerised measures of
mathematics ability in particular.

By and large, the results of this thesis indicate that trait computer anxious users tend to
experience elevated levels of intrusive self-deprecatory thoughts when using, or when
thinking about using computers. These intrusive thoughts, in turn, mediate the negative
effect of computer anxiety on computer-based mathematics performance (i.e., numbercorrect). In light of these findings, the current thesis provides a starting point for
research on variables that may impede performance on computerised tests of cognitive
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ability administered under timed conditions. However, the CIM-CA directs future
research attention to the ways in which computer anxiety may impede performance on
both timed and untimed tests of cognitive ability. By drawing on the PET (Eysenck,
1992; Eysenck & Calvo, 1992), the CIM-CA postulates that computer anxiety will have
a debiliative effect on performance effectiveness and efficiency under timed-test
conditions. When no time limits are imposed, however, the CIM-CA assumes that
processing efficiency rather than performance effectiveness will be adversely affected
by computer anxiety. However, future research is needed before conclusions as to the
effect of computer anxiety on performance effectiveness and efficiency can be reached.

The CIM-CA further postulates that the facilitative and/or debilitative effect of
computer anxiety on performance may differ as a function of the computer-based task at
hand (i.e., operational task versus cognitive ability). As discussed in Section 4.4, the
CIM-CA asserts that on-task thoughts experienced by trait computer anxious users are
conducive to computer-based operational tasks in that these cognitions direct the
computer anxious person’s attention to the assessment task at hand. With respect to
computerised tests of cognitive ability, however, these on-task thoughts are postulated
to interfere with processing resources needed for the primary task (e.g., calculating a
math problem). As a consequence, the CIM-CA maintains that computer anxious testtakers may increase the time devoted to the task in an attempt to compensate for the
reduced processing capacity. As a result, computer anxiety is postulated to affect
performance efficiency rather than performance effectiveness on computer-based
cognitive tasks when no limits are imposed (Eysenck, 1992; Eysenck & Calvo, 1992).
When time limits are imposed, however, compensatory strategies cannot be fully
employed and thus computer anxiety is predicted to impede processing efficiency and
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effectiveness. Whether the effect of computer anxiety on CBT performance varies as
function of the task at hand should be considered in the design of future studies in this
area. In light of the speed verus power distinction outlined in the CIM-CA, and given
the importance of the task at hand, it makes sense to employ a more diverse range of
computerised tests when exploring the mediating effects of computer thoughts on the
computer anxiety-performance relationship. Thus future research in this area should
explore the effect of computer anxiety on tests involving more complex cognitive
processes or tapping other areas of cognitive functioning.

9.7 Research Limitations and Implications for Future Research
Although this thesis makes a number of empirical and theoretical contributions to the
study of test equivalence and computer anxiety, apparent limitations must be noted.
With respect to Study 1, practical organisational constraints resulted in the use of a
repeated measures mixed design where the second administration phase occurred
immediately after the initial test phase. Given that the computerised test was
administered immediately after the conventional tests it is likely that the high test-retest
reliabilities would partially reflect a memory factor (Honaker, 1988). A further
limitation of utilising the repeated measures mixed design is that any differences found
between the computerised and conventional modes is confounded with order of test
administration. Research suggests that the influence of administration mode may differ
as a function of whether the computer administration is encountered on the test-taker’s
first or second exposure to the test (Elwood, 1972; Knights et al., 1973). Although order
effects were not demonstrated in Study 2, potential order effects could not be examined
in Study 1 given that all examinees were initially administered the paper test. Thus,
although the P-P group was included to help isolate and quantify retest effects, any
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effect due to mode and/or retest could not be clearly delineated (Schaeffer et al., 1993).
In light of this issue, Study 2 was conducted to address the design limitations incurred
in Study 1.

Based on APA (1986) recommendations a four-group, counterbalanced, repeated
measures design was used in Study 2 to provide a more comprehensive and less
confounded evaluation of the equivalency criteria. Although a test-retest interval of
approximately three weeks was employed, the mean score for the second administration
was higher than the first for all test groups suggesting that practice effects were taking
place. This improvement effect may have occurred as a result of the students
remembering the test items from the first administration (Alkhadher et al., 1998).
Although the design of Study 2 improves upon the repeated measures designs used in
previous studies (e.g., Mason et al., 2000; Schaeffer et al., 1993), the results of Study 2
suggest that the interval between testing should extend beyond three weeks to minimise
practice effects. Thus future equivalency studies examining longer intervals are needed.

A further methodological limitation brought about by practical constraints concerned
the collection of questionnaire data. In Study 1 questionnaire booklets were
administered via mail and thus completed by the participants a few weeks before the test
date. However, in the final six weeks of the study participants were administered the
questionnaire booklet during the test-retest interval to sharply increase the return-rate of
questionnaire information. Due to time limitations and fatigue effects this change in
protocol may have led some respondents to expend less than the optimal amounts of
effort required to provide fully accurate reports (Krosnick, 1991). A further limitation
was that measures of state computer anxiety and intrusive thoughts were retrospective in
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nature. Retrospective measures of state computer anxiety and state anxiety per se would
differ somewhat from ratings collected on the test day. It follows that in order to better
understand the mediating effects of intrusive thoughts on performance, and thus abet a
more thorough assessment of the cognitive models discussed, ratings should be
collected immediately after the computer-based assessment process (Deane et al., 1995).

A further limitation relating to the assessment of computer anxiety concerns the kinds of
measures employed. Although this thesis was the first to address the mediating effect of
cognitions on the computer anxiety-performance relationship, the results were
somewhat limited due to the measures employed. In this thesis, both the SACS
(McInerney et al., 1999) and SCS (McInerney et al., 1999) were used to explore the
effects of state computer anxiety and its components on test performance. However, a
limitation in employing these scales is that neither measures contain a sufficient number
of items that distinguish between facilitative nor debiliative cognitions in computer
anxiety as outlined in the CIM-CA. Only one measure to date, namely, the SSACS
(Glass & Knight, 1988) described in Section 4.1, provides a comprehensive account of
the self-focused thoughts, worries, task-focused and task-irrelevant thoughts described
in the CIM-CA (e.g., Glass & Knight, 1988; McInerney et al., 1999; Rosen et al., 1987).
The SSACS was developed 15 years ago and thus a number of items have poor face
validity (Kaplan & Saccuzzo, 1997). Since the development of the SSACS additional
measures have been devised to assess cognitive factors in computer anxiety including
those used in the present study (Rosen et al., 1997; McInerney et al., 1999). However,
due to their lack of theoretical basis (Rosen et al., 1987) or lack of scope (McInerney et
al., 1999), computer anxiety research would benefit from the development of a new
measure designed to assess cognitions in computer anxiety. To assist in the
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development of a more comprehensive measure of cognitions in computer anxiety,
researchers should consider using verbal protocols, retrospective accounts and interview
techniques to address both positive and negative cognitions in computer anxiety
(Zeidner, 1998). Such a measure would enable researchers to more clearly delineate the
effects of adaptive and maladaptive manifestations of computer anxiety on CBT
performance and thus test equivalence. Hence, this thesis provides a starting point from
which the operationalisation of the computer anxiety construct can take place, and
where adequate measurement of the computer anxiety construct can begin.

9.8 Item-Level Effects and Construct Equivalence
A further issue concerns limitations in the kinds of analyses that could be performed due
to the speeded nature of the cognitive ability tests employed. Since all three tests were
timed-power tests IRT approaches for detecting DIF could not be utilised, while CFA
could not be undertaken to examine qualitative equivalence. With respect to DIF, itemlevel analysis can be used to detect items that differ in difficulty when transferred from
p&p to computer (Schaeffer et al., 1993). In Study 1, however, the speededness
dimension precluded the use of more sophisticated techniques such as IRT based
methods for detecting DIF. Specifically, by drawing on ETS criteria (Schaeffer et al.,
1993), the speededness information reported in this thesis indicated that the cognitive
ability tests employed were hybrids of speed and power. An implicit assumption of all
commonly used IRT models is that the tests to which the models are fit are not
administered under speed conditions. Therefore, it is assumed that examinees failing to
answer test items do so because of limited ability rather than time (Embretson & Reise,
2000; Hambleton et al., 1991). Although IRT models have been proposed to incorporate
speed and accuracy into the estimation of trait level these models require information
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about examinees average or total response time to each item comprising the test
(Roskam, 1997; Verhelst, Verstralen, & Jansen, 1997). As a result, these models could
not be applied in the present context, or any “real-world” testing context, given that
response times to each item comprising the p&p tests could not be recorded. Likewise,
due to the high frequency of item omits brought about by test speededness, logistic
regression could not be employed to derive evidence of DIF on the p&p and computer
versions (Clauser & Mazor, 1998; Zumbo, 1999). One approach for detecting DIF that
could be used in future equivalency research is Dorans and Kulick’s (1986)
standardization methodology. The standardization approach, which is described in detail
by Dorans (1989) and Dorans and Kulick (1983, 1986), can be readily adapted to all
responses including omits and not-reached. As a result, future research should consider
employing standardization methodology to detect item-level DIF on computerised
versus conventional test administrations. This methodology could also be used in future
equivalency studies for detecting differential item omit and speededness patterns across
conventional versus computerised test administration modes.

The use of timed-power tests also prevented the use of CFA as a means of exploring the
qualitative equivalence of the two administration formats. As noted in Section 2.1, CFA
can be used to determine the extent to which a computerised test measures the same
underlying constructs with equivalent strength and uniqueness as its p&p counterpart.
Due to the high proportion of missing values brought about by the speeded nature of the
tests employed, CFA could not be performed on the tests used in this thesis (Oshima,
1994). Moreover, the small sample size employed in Study 2, and the research design
employed in Study 1, also precluded the use of CFA (Tabachnick & Fidell, 2001;
Turban et al., 1989). With respect to the latter, Turban et al. (1989) cautioned that
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studies designed to address the issue of construct equivalence should not be conducted
at locations where test-takers have had previous exposure to the test. Turban et al.
(1989) maintained that “If many applicants have prior access to the test, results
indicating a lack of construct equivalence may be obtained because the experimental
and the current tests actually do not measure the same constructs; or because the current
tests no longer measure the relevant constructs in the applicant pool in which many
applicants have prior access to the current tests” (p. 70). Thus a further reason for not
performing CFA in Study 1 concerned the retest design whereby all participants were
initially exposed to a p&p version of the test. Although CFA could not be used in the
present thesis future research should consider employing this statistical technique to
determine whether computer versions are psychometrically similar in factor structure to
their p&p counterparts. In addition to providing opportunities for future research the
results of this thesis also have important implications for practice and theory.

9.9 Practical Implications of the Research Findings
The findings of this thesis have important implications for both personnel and
educational assessment by demonstrating that cross-mode differences may exist when
minimising formatting differences between the test modes. In light of these findings,
test developers must demonstrate the psychometric equivalence of p&p and
computerised forms before offering the same norms and cutting scores from the p&p
test to interpret its computerised counterpart. The results of Studies 1 and 2 also provide
evidence to suggest that examinees’ speed of responding was affected by the
computerisation of the conventional tests forms (Mazzeo & Harvey, 1988). On the basis
of these findings the ADF may consider: (a) using shorter time limits for the computeradministered tests than those used with the p&p tests, and (b) either develop separate
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norms for the computerised and p&p tests or identify appropriate procedures for
rescaling the CBT test scores to be comparable to the norms established for the p&p
tests (Wise & Plake, 1989).

With respect to computer anxiety, the results of this thesis have important practical
implications for efforts to alleviate computer anxiety especially in CBT environments.
The findings suggested that self-related cognitions experienced by those high in
computer anxiety interfered with test performance. Thus an important area for future
research concerns the development of suitable intervention strategies aimed at reducing
examinees’ computer anxiety and negative self-talk in CBT situations. A small body of
experimental research attests to the beneficial effects of clinically based thoughtstopping approaches to computer anxiety treatment and reduction (Rosen et al., 1993;
Weil et al., 1987). Based on Mahar et al. (1997), relaxation and skill-based therapies
may also assist in reducing computer anxiety. Research also suggests that offering preexamination test familiarisation courses may also reduce computer anxiety and thus
measurement error in CBT scores (Powers & O’Neill, 1993; Taylor et al., 1998).
Accordingly, future research is needed to determine whether cognitive-behavioural
and/or skill-based intervention techniques help abate the potentially adverse effect of
intrusive computer specific thoughts on the computer anxiety-CBT performance
relationship.

9.10 Theoretical Implications
In the present thesis a resolution of definitional and measurement problems associated
with computer anxiety was facilitated by addressing the theoretical relationship between
trait computer anxiety and state computer anxiety (and its components). Moreover, in
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devising the CIM-CA this thesis provides a strong theoretical basis for exploring the
effect of computer anxiety on performance. Accordingly, past research on the computer
anxiety-CBT performance linkage has been hindered somewhat by a noticeable absence
of a theoretical basis. As a result, the construct of computer anxiety and its relation to
performance has rarely been viewed as multifaceted (see Smith & Caputi, 2001, for a
notable exception). This perspective may explain the lack of a relationship between
computer anxiety and computer-based cognitive performance identified by other
researchers. It is important to note, however, that Deane et al.’s (1995) state-trait theory,
which initially provided the theoretical foundation for the CIM-CA, tends to focus on
the intra-individual components of anxiety and performance. As corroborated by
discussions of key theoretical (Deane et al., 1995; Glass & Knight, 1988; Meier, 1985,
1988; Rosen et al., 1987) and statistical or path models (Beckers & Schmidt, 2001;
Brosnan, 1999; Maurer, 1994; Todman & Monaghan, 1994) of computer anxiety
presented in the research literature, individuals are embedded in social, educational and
organisational contexts. These broader factors may also interact with individual
psychological components to influence performance. Therefore, computer anxiety as a
state can be influenced by situational factors and the interaction between the person and
the situation. Despite the voluminous body of research and theory pertaining to the
construct of computer anxiety there is currently no theoretical model that can be used to
identify consistent patterns and explanations within this vast body of research literature.
To address this limitation, the CIM-CA initially proposed in Section 4.4 is elaborated on
in Chapter 10 to provide a new theoretical framework for future research on computer
anxiety and its relation to performance.
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CHAPTER 10: A New Research Model-Transactional Process Model of
Computer Anxiety
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The TPM-CA expands upon the CIM-CA discussed in Section 4.4 by introducing the
antecedent conditions and dispositions that influence a person’s reaction to computers,
and the role of cognitive appraisals in the elicitation of state computer anxiety. To this
end, the TPM-CA draws heavily on transactional process models (TPM) of test anxiety
to account for the reciprocal interaction of a number of key elements at play in the
stressful encounter between a person and a computer (Spielberger & Vagg, 1995;
Zeidner, 1998). The TPM-CA also draws on information processing perspectives from
social-cognitive psychology to account for debilitative thinking among trait computer
anxious users (Bandura, 1977, 1986, 1991, 1997; Beck, 1987; Beck & Clarke, 1991,
1997; Beck & Emery, 1985; Ingram & Kendall, 1987). Hence, the TPM-CA provides a
heuristic framework for representing the antecedent conditions and dispositions that
influence a person’s reaction to computers, the mediating cognitive processes involved
in responding to computing situations, and the consequences of state computer anxiety
on computerised test performance and test equivalence.

Given that the TPM-CA draws on the transactional perspective, an overview of key
transactional models generated from within the domains of both stress and test anxiety
research is warranted. Section 10.2 provides an overview of the TPM-CA and
introduces the model’s principal elements. Section 10.3 summarises salient research on
the situational determinants of state anxiety reactions associated with computer usage.
Section 10.4 identifies a number of key person variables contributing to threat
appraisals and thus state computer anxiety, while Section 10.5 draws on cognitive-social
theories of psychology to provide a more detailed description of trait computer anxiety.
The pertinent role of cognitive appraisals in computer anxiety is discussed in Section
10.6, with particular focus on the role of threat appraisals in state computer anxiety. In
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light of Section 4.3, the discussion focus only briefly on the multidimensional
conceptualisation of state computer anxiety given the attention this model attracted in
Chapter Four. Implications for the measurement of computer anxiety are addressed in
the course of this discussion.

It is important to note that for each construct addressed in the TPM-CA an extensive
body of research is available pertaining to its relationship with computer anxiety.
However, space considerations require that the present discussion be limited to relevant
research findings that provide insight into the TPM-CA. Consequently, key findings are
presented in tables without detailed elaboration.

10.1 Theoretical Background to the Transactional Process Model of Computer
Anxiety
The TPM-CA draws heavily on the transactional perspectives of test anxiety proposed
by Spielberger and Vagg (1995) and Zeidner (1998). In brief, Spielberger and Vagg
(1995) merged their state-trait model of anxiety with the TPM of stress proposed by
Lazarus (Lazarus, 1966; Lazarus & Folkman, 1984) to develop the TPM of test anxiety.
With respect to state-trait theory (see Section 3.4), Spielberger (1966a) conceptualised
test anxiety as a situation-specific form of trait anxiety with worry and emotionality as
two major components. Thus in Spielberger’s (1966a) original model test anxiety is
characterised by the individual’s tendency to respond with excessive worry, selfdeprecatory thoughts and intense affective and physiological arousal when exposed to
test situations. According to Spielberger (1966a), this heightened state of anxiety
stimulates the test anxious person to divert the attention on themselves thus activating
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worry cognitions in memory. These self-derogatory, task-irrelevant worry cognitions
are hypothesised to interfere directly with task performance.

The TPM of stress, on the other hand, emphasises the dynamic interaction between
personality traits and environmental stressors in determining anxiety states (Lazarus,
1966; Lazarus & Folkman, 1984). The model also underscores the pertinent role of
cognitive appraisals as mediating factors between the person and state anxiety reactions.
Thus in merging the transactional and state-trait perspectives, Spielberger and Vagg
(1995) conceptualise test anxiety as a dynamic interaction and reciprocal influence
among a number of unique components of the test anxiety process. In particular, the
model identifies the following key elements of the test anxiety process: (a) personality
variables and situational conditions that impact upon the test-taker’s appraisal of the test
situations, (b) the mediating cognitive and affective processes involved in responding to
the test situation, (c) the correlates and consequences of test anxiety, and (d)
intervention strategies for ameliorating the adverse behavioural consequences of test
anxiety.

In their TPM of test anxiety, Spielberger and Vagg (1995) propose that an anxiety state
is elicited by the dynamic interaction between the tendency to experience test anxiety
and exposure to a stressful test situation. In the model, trait anxiety as a situationspecific trait is attributed to threat appraisals stemming from constitutional and
socialisation experiences (e.g., observing others in test situations), combined with
personal failure experiences in test situations. The model further postulates that the
affective and cognitive components of test anxiety interact to influence test
performance. Accordingly, Spielberger and Vagg’s (1995) TPM provides a heuristic
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framework for representing the antecedent conditions, mediating emotional and
cognitive processes, and negative consequences of test anxiety on performance.

Recently, Zeidner (1998) developed the Integrative Transactional Model (ITM) of test
anxiety which expands on Spielberger and Vagg’s (1995) original model. The ITM also
views test anxiety as a dynamic process involving the reciprocal interaction of the
following distinct elements: (a) evaluative context- any given context where a person is
judged or assessed with respect to some criterion of performance, (b) individual
differences in vulnerability (i.e., trait test anxiety)- the degree to which an individual is
predisposed to view a given evaluative situation as threatening or challenging, (c) threat
perceptions- subjective appraisal of a situation as harmful or dangerous, (d) appraisalscognitive process of apprehending and interpreting that mediates between the person
and the environment and the individuals’ emotional reactions, (e) reappraisals- a change
in a persons’ evaluations based on feedback from responses, (f) state test anxietyemotional reactions that arise when an evaluative situation is perceived as threatening or
harmful, (g) coping patterns – changes in cognitive and behavioural efforts to manage a
situation that is appraised as stressful or harmful, and (h) adaptive outcomes – coping
responses used to regain control of the situation and re-establish equilibrium (Zeidner,
1998). Although beyond the scope of this thesis, Zeidner (1998) extends the ITM even
further to address adaptational outcomes associated with the application of key coping
responses in a test context. Thus Zeidner’s (1998) ITM provides a more comprehensive
evaluation of the contextual and personal determinants of threat appraisals in an
evaluative situation.
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In attempting to relate computer anxiety research to the broader theoretical domains of
anxiety research the transactional perspective, which examines the dynamic interaction
between person and environment, seems to provide the most useful approach to
delineating the computer anxiety domain. As a result, the theoretical basis of the TPMCA is influenced greatly by the transactional process perspective outlined in the TPM
and ITM of test anxiety. Given the scope of the TPM-CA, Section 10.2 provides an
overview of the model, while Section 10.3 initiates a more thorough investigation of the
models key components.

10.2 Overview of the Transactional Process Model of Computer Anxiety
The TPM-CA shown in Figure 9 provides a framework for representing the antecedent
conditions and dispositions that influence a person’s reaction to computers, the
mediating cognitive processes involved in responding to actual or anticipated computer
interactions, and the consequences of state computer anxiety on computer-based
performance and test equivalence.

In accordance with the CIM-CA, discussed at length in Section 4.4, the TPM-CA also
conceptualises computer anxiety as a trait that manifests as heightened state anxiety
when using, or when contemplating the use of, computers and computer-based
technologies (e.g., automatic banking machine, microwave oven, video recorder). As
shown in Figure 9, trait computer anxiety is considered an important determinant of
state computer anxiety. However, in building on the CIM-CA, the TPM-CA identifies
cognitive processes (i.e., appraisals) and structures (i.e., schemata) as playing a primary
role in the elicitation of state computer anxiety.
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Figure 9. Transactional process model of computer anxiety (Smith, 2003).
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Specifically, the TPM-CA maintains that intensity of the state anxiety reaction varies as
a function of an individual’s interpretation of the situation as personally threatening.
Therefore, apart from the objective properties of the computing context an individual’s
subjective response is determined by the degree to which an event is appraised as
threatening, harmful or challenging. Since the appraisal process is discussed at length in
Section 10.6, suffice is to say that the intensity of the anxiety state is proportional to the
severity of threat that an individual perceives when using computers. As shown in
Figure 9, such threat appraisals, in turn, depend on situation and person variables such
as trait computer anxiety. It follows that to best understand individual differences in
state anxiety in computing situations the conjoint effect of these factors needs to be
considered. Situation factors work through person factors and appraisals in the
elicitation of state computer anxiety reactions. Thus a discussion of situation variables
cannot provide a sufficient account of state computer anxiety reactions. To this end,
discussions should also focus on determinants such as personality traits, cognitions and
appraisals that impact upon state computer anxiety. Thus, in drawing on prior
discussions of test anxiety (Spielberger & Vagg, 1995; Zeidner, 1998), the present
theoretical framework conceptualises computer anxiety as a dynamic process involving
a continuous interaction between the individual and the various computing situations
they encounter. This dynamic process involves the reciprocal interaction of a number of
distinct elements including the context, individual difference factors, cognitive
appraisals, and state anxiety reactions. In accordance with the CIM-CA, and as
discussed at length in Section 4.4, the TPM-CA conceptualises state computer anxiety
as a multidimensional construct comprised of cognitive, affective and behavioural
components. Consistent with the information processing perspective outlined in Section
4.5, the TPM-CA posits that intrusive thoughts in the form of worry cognitions are most
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related to computerised test performance and test equivalence. Sections 10.3 to 10.7
provide a comprehensive description of the key elements comprising the TPM-CA and a
summary of relevant research findings. The following key elements comprising the
TPM-CA are discussed in turn: (a) situational factors that impact upon the user’s
appraisal of computing experience, (c) the mediating cognitive and affective processes
involved in responding to the computing situation, and (d) state computer anxiety and
its components.

10.3 Situational Determinants of State Computer Anxiety
A review of the computer anxiety literature suggests that the degree of anxiety a person
experiences in a computing context may depend, in part, on contextual or situationspecific variables. Within the TPM-CA situation factors are conceptualised as either
task-specific or external to the task. Task-specific determinants of computer anxiety
reflect a diverse range of potentially threatening and irritating instances associated with
computers and their use. Although using a computer poses no objective threat, research
suggests that for individuals high in computer anxiety perceived threat pertains to
operational concerns and/or mechanical problems associated with computer use (see
Torkzadeh & Angulo, 1992). The nature of computer course content and system quality
has also been shown to affect students’ level of computer anxiety. Table 44 provides a
more comprehensive description of these task-specific factors. The TPM-CA posits that
these task-specific factors may evoke state anxiety reactions through person factors and
threat appraisals as shown in Figure 9. Along similar lines, the TPM-CA identifies
socio-educational factors as antecedents of threat appraisals and thus state computer
anxiety.

323

Table 44
Summary of Task-Specific Situational Factors as Antecedents of Threat Appraisals and
State Computer Anxiety
Task-Specific Elements
Operational/
Equipment Factors

• Fear of damaging the computer, making mechanical mistakes such as

typing errors, or operation errors such as misplacing data.
• Experiencing hard drive freezes or crashes, error messages, loss of data

or information (Brosnan, 1998; Glass & Knight, 1988; Torkzadeh &
Angulo, 1992).

Computer Task

• Programming rather than non-programming activities are associated with

heightened anxiety states (Ayersman & Reed, 1992; Bishop-Clark,
1995).

System Quality

• There is suggested evidence that computer anxiety may be alleviated by

the careful selection of microcomputer systems with regard to system
capabilities and user-friendliness (Igbaria, 1993; Igbaria & Chakrabarti,
1990; Igbaria, Pavri, & Huff, 1989).
• Therefore, the adoption of user-friendly software with respect to

functionality, equipment performance and user-interface design may
effectively reduce computer anxiety through efficacy beliefs.

In the present framework, socio-educational factors encompass aspects of one’s social
environment that may influence a person’s perceptions of, or reactions to, computers.
Education and training, information support and modeling factors are some of the most
pertinent socio-educational factors influencing computer anxiety. Empirical work
suggests that the degree of state anxiety experienced by an individual in a computing
situation may depend, in part, on educational factors including training and information
support. Moreover, state computer anxiety may be elicited indirectly by observing
significant others in their dealings with computers (Rosen & Maguire, 1990). Table 45
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outlines research findings from this body of empirical work concerned with the study of
socio-educational factors and their relation to computer anxiety.

Table 45
Summary of Socio-Educational Factors as Antecedents of Threat Appraisals and State
Computer Anxiety
Socio-Educational Factors
Education

•

/Training

There is evidence that teaching strategies and type of learning material may
affect computer anxiety. For instance, Keeler and Anson (1995) found that
computer anxious students performed better and reported a reduction in
computer anxiety when exposed to a cooperative learning environment.
Cooperative learning involves cooperative self-regulated group work in which
guided questioning is used to facilitate student learning (Keeler & Anson,
1995).

•

Research also suggests that a relaxed, non-evaluative introduction to computers
devoid of evaluation or mastery expectations also contribute to lower levels of
computer anxiety (Ames & Archer, 1988; Cambre & Cook, 1987; Todman &
Monaghan, 1994).

•

Research has shown that strategies that promote informational support and
dispel fears about computers lead to computer anxiety reduction. For example,

Information

Scull (1999) found that users alleviate their anxiety by calling for help from
Support

understanding friends within their social networks and by avoiding information
support that involve interactions with people or manuals that use computer
jargon.
•

Computer anxiety may be acquired observationally by witnessing and then
modeling the arousal, tension and expressed worry of relevant models when

Modeling

interacting with computers (Bandura, 1986).
Factors

•

A number of studies have found that exposure to negative role models over
time and in a variety of contexts (e.g., home, school) may provoke computer
anxiety (Brosnan, 1998; Rosen & Weil, 1995; Schuh, 1996; Weil et al., 1990).

Together, these socio-educational factors may determine and shape the individual’s
appraisal of the computer experience as threatening. However, the transactional
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perspective stipulates that both environmental and person variables (i.e., individual
difference characteristics and personality traits) need to be jointly considered in order to
understand the sources of variation in state anxiety reactions across a variety of
situations (Zeidner, 1998). The TPM-CA also contends that situational factors elicit
state computer anxiety reactions insofar as they interact with person factors that, in turn,
shape an individual’s appraisal of the computer experience as threatening. Thus, the
TPM-CA assumes that perceptions of threat within a computing context will vary as a
function of a number of person variables (see Figure 9). A description of these person
variables and a summary of related research are presented in Section 10.4.

10.4 Person Variables
In the TPM-CA and psychological theory in general, the terms individual difference
characteristics and personality traits are considered conceptually distinct (Zeidner,
1998). Individual difference characteristics reflect a transitory condition of the person
that is susceptible to change and may thus fluctuate or differ over time. Personality
traits, on the other hand, reflect a relatively stable characteristic that predisposes people
to perceive the world from a certain perspective (Zeidner, 1998). In light of this
distinction, Table 46 describes a number of individual difference variables addressed in
research on computer anxiety. Specifically, research pertaining to the study of gender
role identity, computer self-efficacy, computer experience and perceived knowledge are
addressed in turn. These individual difference variables are assumed to shape an
individual’s state anxiety reactions towards computers via threat appraisals.
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Table 46
Summary of Individual Difference Variables as Antecedents of State Computer Anxiety
Individual Difference Variables
•
Gender Role
Identity

Gender role identity refers to the degree to which traits stereotypical of a given sex are
expressed (Colley et al., 1994).

•

Brosnan (1998) has recently argued that the relationship between masculinity and
computer anxiety has become salient by an apparent masculinisation of computing. In
support of this assertion, Brosnan (1998) found that sixty-four percent of females
agreed that computing was a male activity and that men were superior at computing
than women. Furthermore, females higher in masculinity reported lower computer
anxiety. This finding concurs with Rosen et al. (1987) findings, where students with a
masculine-identity were found to be less computer anxious than those with a feminineidentity regardless of sex.

•

These results demonstrate the importance of considering gender role identity when
exploring sex differences in computer anxiety.

•
Computer
Self – Efficacy

Computer self-efficacy is defined as “the judgement of one’s ability to use a
computer” (Compeau & Higgins, 1995, p. 192).

•

Research suggests that computer self-efficacy directly predicts computer anxiety such
that individuals with low computer self-efficacy experience greater computer anxiety
(e.g., Brosnan, 1999; Henderson, Deane, & Ward, 1995).

Computer
Experience

•

A number of studies have reported a negative association between computer anxiety
and computer experience when the latter has been measured in terms of user
characteristics such as computer ownership, courses attended, amount, frequency and
kinds of use (e.g., Bohlin & Hunt, 1995; Colley et al., 1994; Crable, Brodzinski,
Scherer, & Jones, 1994; Igbaria & Chakrabarti, 1990).

Computer
Knowledge

• Computer knowledge concerns not only the collection of computer-based skills, but also
the knowledge of the capability, limitations, applications and implications of
computers that allow a person to function comfortably with computers (Anderson,
1996).
•

Research suggests that perceived knowledge of computers rather than actual computer
experience is the best predictor of computer anxiety (Anderson, 1996).

In the TPM-CA personality traits reflect a person’s vulnerability to experience
heightened state anxiety reactions when interacting with computers. Aside from
objective properties of the situation the response to a given computing context is largely
determined by the degree to which an event is perceived as threatening. A body of
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research evidence suggests that certain individuals are predisposed to see computing
situations as more dangerous or threatening than their peers. Consequently, they are
more vulnerable to experience state anxiety reactions during actual or implied
interactions with computer-based technologies. Personality traits that have been
commonly studied include personality types, locus of control, mathematics anxiety, test
anxiety, trait anxiety and trait computer anxiety. A description of these personality traits
is presented in Table 47 along with research pertaining to their relation with computer
anxiety. It is important to note that the TPM-CA expands upon the state-trait conception
of computer anxiety outlined in Section 4.4 by providing a more comprehensive
discussion of trait computer anxiety. Thus in Section 10.5 the role of trait computer
anxiety as a determinant of state computer anxiety is addressed from a social-cognitive
perspective.

Table 47
Summary of Personality Traits as Antecedents of Threat Appraisals and State Computer
Anxiety
Personality Traits
Psychological

•

Types

Jung’s (1971, cited in Bishop-Clark, 1995) theory of psychological types
identifies

four

dimensions

introversion/extroversion,

of

an

sensing/intuitive,

individual’s

personality:

thinking/feeling,

and

judging/perceiving.
•

Research suggests that thinking and intuitive types report lower computer
anxiety than feeling and sensing types (e.g., Chu & Spires, 1991; Shermis
& Lombard, 1998).

328

Table 47 (Continued)
Personality Traits
Psychological

•

Types Cont.

Thinking types base their decisions on objective, impersonal, and logical
analysis of a situation, while an intuitive person perceives information
based on the meanings, associations and possibilities beyond the
research gathered from the senses (Bishop-Clark, 1995).

Locus of

•

Control

Individuals with a strong internal locus of control feel that events are
controlled by, and are thus contingent upon, their own behaviour.
Individuals with a strong external locus of control believe that events
occur from forces and circumstances beyond their control such as luck,
fate or chance (Rotter, 1966).

•

Research indicates that computer anxiety is positively related to external
locus of control (e.g., Dambrot, Watkins-Malek, Silling, Marshall, &
Garver, 1985; Igbaria & Parasuraman, 1989).

Computer

•

Playfulness

Computer playfulness represents a relatively enduring tendency to
respond with a greater degree of cognitive spontaneity, inquisitiveness
and creativity when interacting with computers (Webster & Martocchio,
1992).

•

Research evidence suggests that playfulness is inversely associated with
computer anxiety (N. Bozionelos & G. Bozionelos, 1997; Webster &
Compeau, 1996).

Trait Computer
Anxiety

•

As discussed in Section 10.5, the individual’s level of trait computer
anxiety is an important determinant of the level of state computer
anxiety experienced by a computer user. There is suggested evidence
that trait computer anxious individual’s react with extensive worry,
intrusive thoughts, tension, physiological arousal, avoidance behaviour
and distractibility across a variety of situations involving computerised
technologies (Deane et al. 1995; McInerney et al. 1999; Smith & Caputi,
2001).
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10.5 Trait Computer Anxiety and its Relation to Cognitive Appraisal and State
Computer Anxiety
The TPM-CA also views computer anxiety as a trait that manifests itself in heightened
state anxiety in the presence of a computer. As a situation-specific trait, computer
anxiety refers to a relatively stable individual difference in one’s tendency to experience
state computer anxiety (Deane et al., 1995). In the present context, computer anxiety
proneness refers to the disposition to perceive a range of situations involving computerbased technologies as threatening and beyond one’s control, and to respond to such
situations with elevations in state anxiety (Spielberger, 1966b, 1972a). Hence, computer
anxiety as a situation-specific trait is characterised by the individual’s disposition to
react with extensive worry, intrusive thoughts, tension, physiological arousal, avoidance
behaviour and distractibility across a variety of situations involving the actual or
anticipated use of computer-based technologies (Deane et al., 1995; McInerney et al.,
1999). Unlike previous models of computer anxiety, the TPM-CA employs a socialcognitive perspective to account for individual differences in the disposition to
experience state computer anxiety reactions in a computing context. In particular, the
TPM-CA draws on major social-cognitive theories that endorse a schema approach of
anxiety (Bandura, 1977, 1986, 1997; Beck & Emery, 1985; Ingram & Kendall, 1987;
Williams, Watts, Macleod, & Mathews, 1988).

The schema theory of anxiety, initially proposed by Beck (Beck & Emery, 1985), views
the anxiety process as the product of underlying affective, physiological, behavioural
and cognitive structures. Of these multiple components the schema approach views
cognitive processes, specifically appraisal processes, as the variable most often
responsible for producing anxiety responses (Beck & Emery, 1985). Within the process
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of appraisal, Beck and Emery (1985) maintain that sensory information is interpreted by
cognitive structures (i.e., schemata), which consists of stored information abstracted
from past experiences. Specifically, cognitive structures or schemata refer to the
assumptions, beliefs, commitments and meaning systems that influence the way a
person interprets his or her surroundings. Schemata influence what a person attends to,
how information is organised and stored, and what meaning is attached to particular
informational elements (Matlin, 1994). As noted by Zeidner, (1998), “Cognitive
structures function to set behaviour in motion, to guide the choice and direction of
particular sequences of thought, feeling, and action, and to determine their continuation,
interruption, or change of direction” (p. 187). Therefore, schemata direct information
processing by influencing attentional, perceptual, memory, and comprehensive
processes. In light of this social-cognitive perspective, a schema may be construed as a
rather nebulous cognitive structure representing both knowledge and prior experience
(Zeidner, 1988).

In line with a schema approach (Beck & Emery, 1985; Ingram & Kendall, 1987;
Williams et al., 1988), the TPM-CA assumes that people do not approach tasks devoid
of any notion about themselves or their world. Through transactional experiences they
acquire a structured self-system or self-schema (Bandura, 1977, 1986, 1991, 1997;
Williams et al., 1988). Self-schema represents structural constellations of knowledge
and attributes about oneself derived from previous direct or indirect experiences with
one’s environment (Williams et al., 1988). One component of self-schemata which has
been central to theoretical developments in social learning theory is the concept of selfefficacy (Bandura, 1977, 1986, 1991, 1997). Bandura (1977, 1986, 1991, 1997) defines
self-efficacy as the conviction that one can successfully execute the behaviour required
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to produce a suitable outcome. Bandura (1977, 1986, 1991, 1997) contends that to
understand a person’s appraisal of external threats and their affective reactions to these
threats, it is necessary to analyse a person’s judgements of their coping capabilities
(Bandura, 1977, 1986, 1991, 1997).

Consistent with Bandura’s (1977, 1986, 1991, 1997) self-efficacy theory, the TPM-CA
posits that differences between facilitative and dysfunctional anxiety depend, in part, on
a person’s expectancy of being able to cope with the perceived threat. However, the
model also supports Bandura’s (1977, 1986, 1991, 1997) position that self-efficacy can
be misjudged when person factors distort the self-appraisal process. Although not
espousing a pathological (disease) view of computer anxiety the present theory does
view the computer environment as one circumstance under which the trait computer
anxious person may demonstrate biased information processing. To this end, the TPMCA postulates that computer anxious individuals have self-schema that, when activated,
are characterised by a network of propositions reflecting serious concerns and doubts
about their capabilities. As a result of their negative self-schemata, computer anxious
persons are particularly apt at selecting environmental information that supports and
reinforces their perceived inadequacies (Ingram & Kendall, 1987). This cognitive bias
then fosters the trait computer anxious person to perceive the computing context as
beyond their control and thus a potential threat.

The TPM-CA further postulates that the trait computer anxious individual’s biased
perceptions of their own capabilities (i.e., self-schemata) subsequently influences their
thought processes, emotional reactions and behaviour during anticipatory and actual
computer interactions. Thus the trait computer anxious persons tend to be biased in
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processing more self-detrimental than self-enhancing information in computing
situations due to their negative self-schema (Zeidner, 1998). In line with the various
cognitive models of anxious affect, the TPM-CA further posits that the biases exerted
by a computer anxious person’s pre-existing self-schemata on the cognitive processing
of efficacy information contribute to their stability. Thus a computer anxious person
who doubts their efficacy are more likely to view repeated successes in the computing
environment as products of laborious effort than as evidence of their own capability
(Bandura 1997). Therefore, as the computer anxious person’s self-schema evolves
through further experiences the rigid and inflexible nature of the self-schema continues
to bias the person’s self-conception such that an exaggerated sense of vulnerability is
experienced (Beck & Clarke, 1988, 1991, 1997; Beck & Emery, 1985). Weil et al.
(1990) have expressed a similar viewpoint in noting that individuals high in computer
anxiety “find each experience a reinforcing reminder that computers are frustrating,
intimidating and lead to acute discomfort and failure” (p. 375). Thus in line with the
TPM-CA, the computer anxious persons’ self conceptions get affirmed through biased
cognitive processing, which readily reinforces disbeliefs in their own computing
capabilities. As a result of these cognitive processes and structures, individuals high in
trait computer anxiety are more likely to perceive computing situations as personally
threatening than their low trait computer anxious counterparts, and are thus more likely
to experience state anxiety reactions in a computing context.

In light of the foregoing discussion, the concept of computer anxiety as a situationspecific trait may be defined in terms of individual differences in anxiety proneness in
situations concerning the actual or anticipated use of computerised technologies.
Consistent with social-psychological theorists (Bandura, 1986; Carver & Scheier, 1986;

333

Lazarus & Folkman, 1984; Spielberger 1966b; Zeidner, 1998) the TPM-CA posits that,
relative to their low anxious counterparts, the trait computer anxious person is more
likely to have (i) low levels of computer self-efficacy, (ii) to perceive computing
situations as beyond their control and thus more threatening, and (iii) to experience
intense elevations in state anxiety in situations involving the actual or anticipated use of
computers. Individual differences are attributed to pre-existing self-schemata that are
operative in trait computer anxiety. Thus for the trait computer anxious person selfefficacy information is characterised by biases exerted by pre-existing self-schemata on
the cognitive processing of efficacy information in a computing context.

Although contextual variables may present a useful starting point for analysing the
determinants of state computer anxiety reactions, current thinking suggests that the
person’s cognitive appraisal of various social and environmental factors evokes threat
perceptions and the resultant state of computer anxiety. Therefore, it is not so much the
physical properties of the environment that contributes to the emotional process, but the
subjective meaning individuals attribute to environment cues and events. In order to
explain individual differences in computer anxiety, it is necessary to consider how the
individual appraises the computing situation and how threat appraisals contribute to the
elicitation of state computer anxiety reactions.

10.6 Cognitive Appraisal
Lazarus and Folkman’s (1984) theoretical work is used in the present context to
delineate the mediating role of cognitive appraisals in the link between the environment
and emotions. Specifically, Lazarus and Folkman (1984) have adopted the term
appraisal to describe the cognitive process of apprehending and interpreting that
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mediates between the environment and the individual’s emotional reaction. In Lazarus
and Folkman’s (1984) model, primary and secondary appraisal are two pertinent
processes that operate interdependently to help a person determine whether
environmental demands exceed personal resources, and if so, the most appropriate
course of action to cope with the situation (Zeidner, 1998). In the present context, the
outcome of the appraisal process determines the level of state computer anxiety that a
person will experience and thus warrants further attention.

Lazarus and Folkman (1984) postulate that during the process of primary appraisal the
person evaluates transactions in terms of their importance for well-being by comparing
the model of the situation (“What is at stake?”), with the model of the subjective self
(“What are my coping options?”). Based on this comparative process the person then
comes to view an event or situation as involving threat, challenge, harm or benefit to
one self. Secondary appraisal is the process of bringing to mind a variety of potential
coping responses to situations appraised as threatening or challenging. Primary and
secondary appraisals converge to determine whether the person-environment transaction
is considered significant for well-being and, if so, whether it is primarily threatening
(potential for harm or loss) or challenging (potential for mastery or benefit) (Lazarus &
Folkman, 1984). A situation or event is appraised as challenging when it demands a
level of personal involvement that will lead to one’s self-improvement. In this instance,
the person is hopeful, eager and confident in their ability to meet the demands of the
task. Thus in appraising a computing situation as challenging the computer user may see
the opportunity for mastery and personal growth in acquiring the skills necessary to
meet the demands of the computer task. Alternatively, a computing situation is
construed as a threat when individuals perceive themselves as being susceptible to
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danger, anticipating failure, harm to self-esteem, or loss. When loss appraisals occur
persons may become overwhelmed by feelings of hopelessness and avoid using
computers all together (Lazarus & Folkman, 1984).

Primary and secondary processes are expected to operate interdependently. For
example, if in the course of secondary appraisal a computer user perceives his or her
cognitive coping resources to be adequate for dealing with the computer task then the
degree of threat assessed during primary appraisal would be diminished. On the other
hand, a stressful encounter that may at first seem non-threatening can become
threatening if the coping resources turn out to be inadequate for countering the demands
of the situation. In a computer-based environment the primary appraisal of a computing
situation as threatening gives rise to state computer anxiety, particularly if the person
perceives a lack of coping ability with regard to the computer task. Feedback from this
heightened state of anxiety arousal, in turn, may lead to the computer anxious person to
reappraise the situation as more threatening, resulting in a further elevation of state
anxiety (Spielberger & Vagg, 1995).

As discussed previously in Sections 10.3 and 10.4, the extent to which the computing
situation will be perceived as more or less threatening will vary as a function of
situational and person factors. Thus, when a person is exposed to these computing
situations the event will initially be perceived as more or less personally threatening as a
function of individual differences in trait computer anxiety and other dispositional
(psychological types, locus of control, trait anxiety, math anxiety, microcomputer
playfulness, trait computer anxiety) and individual characteristics (gender role identity,
computer self-efficacy, computer experience, perceived knowledge). With respect to
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person factors, trait computer anxious individuals will be more vulnerable to state
anxiety reactions given that they disposed to see computer situations as more
threatening as discussed in Section 10.5. However, computer-specific anxiety may also
vary depending on the person’s experience with similar situations in the past,
knowledge of potential consequences, and perceived costs and personal importance of
the event at hand. However, a person will ultimately experience an increase in state
anxiety depending on the degree to which the computer interaction is perceived or
appraised as threatening. In accordance with the CIM-CA, the TPM-CA also
conceptualises state computer anxiety as a multidimensional phenomenon comprised of
interrelated and interacting cognitive, affective and behavioural components. Given its
coverage in Section 4.3, a brief overview of the key cognitive, affective, and
behavioural components is presented in Section 10.7.

10.7 State Computer Anxiety: Multi-Component Perspective
As discussed in Section 4.3, computer anxiety as a state refers to an unpleasant,
transient emotional condition comprised of separate but related physiological,
behavioural and cognitive systems (Deane et al., 1995). The cognitive component refers
to the types of facilitative (i.e., on-task thoughts) and debilitative thoughts (i.e., worry,
self-doubt, social evaluative concerns) that a person experiences whilst interacting with
computers. The physiological component of state computer anxiety refers to the
subjective perception of internal events including feelings of uneasiness, nervousness
and tension that individuals experience in computing situations (Bloom & Hautaluoma,
1990). The type of negative behaviour associated with the state of computer anxiety
includes avoidance in the form of physical or cognitive withdrawal (Mahar et al., 1997).
A reciprocal and dynamic interaction among these diverse components is viewed as
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underlying the state computer anxiety experience (Zeidner, 1998). Therefore, in the
TPM-CA each component is construed as representing a distinct response channel
through which computer anxiety may be expressed and assessed. This thesis has
attempted to demonstrate the importance of the multidimensional perspective of state
computer anxiety for the study of the computer anxiety-achievement relationship.

10.8 Concluding Comments
The situation-specific trait approach to computer anxiety endorsed in both the CIM-CA
and TPM-CA of this thesis suggests that persons with high levels of computer anxiety
experience elevated levels of state anxiety when faced with the need to use a computer.
In accordance with this viewpoint, the results of this thesis demonstrated that trait
computer anxious people respond with heightened levels of state computer anxiety (i.e.,
intrusive thoughts, worry, emotionality, arousal) when using computers (Deane et al.,
1995). Moreover, the results of this thesis provide preliminary support for the position
that the cognitive component is most related to CBT performance (Glass & Knight,
1988). Thus, in light of the theoretical model presented this thesis extends research on
computer anxiety in several ways. Theoretically, the study offers some resolution to the
definitional and conceptual problems associated with computer anxiety by devising the
CIM-CA as a theoretical framework for exploring the effect of computer anxiety on
CBT performance. Moreover, Study 1 provided a unique opportunity to explore the
effect of computer anxiety on CBT performance under “high-stakes” test conditions
where real personal consequences of failing the test were evident, and where anxiety
could be expected to occur as a result.
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The present thesis also extends research on test equivalence in several ways. First and
foremost, this thesis is one of the first to systematically examine test equivalence in
terms of psychometric, behavioural, experiential and individual specific aspects.
Accordingly, this thesis examined test-taking behaviour, individual difference
characteristics and experiential factors as potential sources of construct irrelevant
variance in CBT. Specifically, the study examined the validity of CBT interpretations
by providing a detailed exploration of differential response patterns brought about by
changes in the mode of test delivery. Validity was further explored by conducting a
systematic evaluation to determine whether computer-conventional equivalency varied
as function of individual difference variables. In light of previous research, a number of
new individual difference variables were examined (negative computer cognitions, state
computer anxiety and its worry and emotionality components). Moreover, the study
explored test-takers reactions’ as a potential source of construct-irrelevant variance in
computerised testing. This objective was achieved by devising the ATCAS to explore
test-takers’ attitudinal and emotional reactions towards the CBT experience. By using
the ATCAS in both Studies 1 and 2, this thesis extends past research by providing a
systematic investigation of experiential equivalence. Overall, this thesis contributes to
the current body of equivalency research by exploring test equivalence in terms of
psychometric, behavioural, experiential and individual difference aspects within an
Australian military and academic setting.
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APPENDIX A: Research Instruments

State Anxiety (STAI-6)
As a means of assessing your suitability for the Australian Defence Force (ADF), you
are required to complete a number of aptitude tests. Please close your eyes and try to
visualise the following scenario. You are seated at a desk in one of the ADF
recruitment centres. Placed in front of you, face down, is a test paper, answer sheet,
pencil and eraser. The assessor at the front of the room asks for complete silence and
then welcomes you to the first phase of the ADF recruitment process. The assessor
then takes a few minutes to discuss the test format. You are then advised to read the
test instructions for yourself. The assessor then asks whether anyone has any
questions. After a short silence, you are instructed to start the test. Entry into the career
of your choice in the ADF will depend on your performance on this test.

A number of statements which people have used to describe themselves are given
below. Read each statement and then circle the most appropriate number to the right of
the statement to indicate how you think you would feel in the testing situation
described above. There are no right or wrong answers. Do not spend too much time
on any one statement but give the answer that best describes how you would feel at
this moment.
Not at all

Somewhat

Moderately

Very

So

Much
So

1. I feel calm

1

2

3

4

2. I am tense

1

2

3

4

3. I feel upset

1

2

3

4

4. I am relaxed

1

2

3

4

5. I feel content

1

2

3

4

6. I am worried.

1

2

3

4
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State-Trait Personality Inventory (STPI)
A number of statements which people have used to describe themselves are given below. Read
each statement and then circle the appropriate value below each statement to indicate how you
generally feel. There are no right or wrong answers. Do not spend too much time on any one
statement but give the answer which seems to describe how you generally feel.
1 = Almost Never
2 = Sometimes

3 = Often
4 = Almost Always

1. I feel nervous and restless
(Almost Never)

1

2

3

4

(Almost Always)

2. I feel satisfied with myself
(Almost Never)

1

2

3

4

(Almost Always)

2

3

4

(Almost Always)

3. I feel like a failure
(Almost Never)

1

4. I worry too much over something that really does not matter
(Almost Never)

1

2

3

4

(Almost Always)

5. I lack self-confidence
(Almost Never)

1

2

3

4

(Almost Always)

1

2

3

4

(Almost Always)

2

3

4

(Almost Always)

3

4

(Almost Always)

6. I feel secure
(Almost Never)

7. I feel inadequate
(Almost Never)

1

8. I am a steady person
(Almost Never)

1

2

9. I get in a state of tension or turmoil as I think over my recent concerns and interests
(Almost Never)

1

2

3

4

(Almost Always)

10. I wish I could be as happy as others seem to be
(Almost Never)

1

2

3

4

(Almost Always)
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Trait Anxiety (STAI-Trait)
A number of statements which people have used to describe themselves are given
below. Read each statement and then circle the appropriate value to the right of the
statement to indicate how you generally feel. There are no right or wrong answers. Do
not spend too much time on any one statement but give the answer which seems to
describe how you generally feel.
1 = Almost Never
2 = Sometimes

3 = Often
4 = Almost Always

1. I feel pleasant
(Almost Never) 1 2 3 4
2. I feel nervous and restless.

(Almost Always)

(Almost Never) 1 2 3 4
3. I feel satisfied with myself.

(Almost Always)

(Almost Never) 1 2 3 4
(Almost Always)
4. I wish I could be as happy as others seem to be.
(Almost Never) 1 2
5. I feel like a failure.

3

4

(Almost Always)

(Almost Never) 1

2

3

4

(Almost Always)

2

3

4

(Almost Always)

6. I feel rested.
(Almost Never) 1

7. I am “calm, cool and collected”.
(Almost Never) 1 2 3 4
(Almost Always)
8. I feel that difficulties are piling up so that I cannot overcome them.
(Almost Never) 1

2

3

4

(Almost Always)

9. I worry too much over something that doesn’t really matter.
(Almost Never) 1

2

3

4

(Almost Always)

2

3

4

(Almost Always)

10. I am happy.
(Almost Never) 1
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11. I have disturbing thoughts.
(Almost Never) 1 2 3
12. I lack self-confidence.

4

(Almost Always)

(Almost Never) 1

2

3

4

(Almost Always)

2

3

4

(Almost Always)

13. I feel secure.
(Almost Never) 1

14. I make decisions easily.
(Almost Never) 1

2

3

4

(Almost Always)

2

3

4

(Almost Always)

2

3

4

(Almost Always)

15. I feel inadequate.
(Almost Never) 1
16. I am content.
(Almost Never) 1

17. Some unimportant thought runs through my mind and bothers me.
(Almost Never) 1

2

3

4

(Almost Always)

18. I take disappointments so keenly that I can’t put them out of my mind.
(Almost Never) 1

2

3

4

(Almost Always)

3

4

(Almost Always)

19. I am a steady person.
(Almost Never) 1

2

20. I get in a state of tension or turmoil as I think over my recent concerns and
interests.
(Almost Never) 1

2

3

4

(Almost Always)
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Revised Test Anxiety Scale (RTA)
The following items refer to how you feel when taking a test. Use the scale below to rate
items 1 through to 20 in terms of how you feel when taking a test in general.
1 = Almost Never 2 = Sometimes

3 = Often

4 = Almost Always

1.

Thinking about my grade in a course interferes with my work on 1
tests

2

3

4

2.

I seem to defeat myself while taking important tests

1

2

3

4

3.

During tests I find myself thinking about the consequences of 1
failing

2

3

4

4.

I start feeling very uneasy just before getting a test paper back

1

2

3

4

5.

During tests I feel very tense

1

2

3

4

6.

I worry a great deal before taking an important exam

1

2

3

4

7.

2

3

4

2

3

4

9.

During tests I find myself thinking of things unrelated to the 1
material being tested
While taking tests, I find myself thinking how much brighter the 1
other people are
I think about current events during a test
1

2

3

4

10.

I get a headache during an important test

1

2

3

4

11.

While taking a test, I often think about how difficult it is

1

2

3

4

12.

I am anxious about tests

1

2

3

4

13.

While taking tests I sometimes think about being somewhere else

1

2

3

4

14.

During tests I find I am distracted by thoughts of upcoming events

1

2

3

4

15.

My mouth feels dry during a test

1

2

3

4

16.

I sometimes find myself trembling before or during tests

1

2

3

4

17.

While taking a test my muscles are very tight

1

2

3

4

18.

I have difficulty breathing while taking a test

1

2

3

4

19.

During the test I think about how I should have prepared for the test

1

2

3

4

20.

I worry before the test because I do not know what to expect

1

2

3

4

8.
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Multidimensional Test Anxiety Scale (MTAS)
The following items refer to how you feel when taking a test. Please indicate how much each
statement describes you by circling the most appropriate response. Use the scale below to rate
items 1 through to 29 in terms of how you generally feel when taking a test.
1 = Almost Never 2 = Sometimes
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

3 = Often

4 = Almost Always

I get butterflies.
I have faith in my own performance
I ask myself whether my performance will be good enough
I am preoccupied with other thoughts that distract me
I feel uneasy
I know that I can rely on myself
I easily lose my train of thought
My heart pounds
I worry about my results
I am satisfied with myself
I worry that I may have misunderstood the task
My concentration is interrupted by interfering thoughts
I feel overwhelmed
I think that I will succeed
I think about what will happen if I don’t do well
I am convinced that I will do well
I get distracted easily by what is going on around me
Thinking about my grades in a course interferes with my work
on tests
During tests I find myself thinking about the consequence of
failing
During tests I find myself thinking about things unrelated to the
material being tested
While taking tests, I find myself thinking how much brighter the
other people are
I think about current events during a test
While taking a test, I often think about how difficult it is
I am anxious about tests
During tests I find I am distracted by thoughts of upcoming
events
My mouth feels dry during tests
I sometimes find myself trembling before or during tests
While taking a test my muscles are very tight
My mind often wanders during a test

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

1

2

3

4

1

2

3

4

1

2

3

4

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4
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Trait Computer Anxiety (CAS-Anxiety)
Listed below are a series of statements describing various thoughts and feelings that
people may have about computers and computer use. Please indicate whether you
agree or disagree with each statement. For example, if you agree strongly with a
statement then circle 5. If you strongly disagree, circle 1, and so forth. Use the
following scale to guide your responses to each statement:
1 = Strongly Disagree
2 = Mostly Disagree
3 = Uncertain

4= Mostly Agree
5= Strongly Agree

1. Computers do not scare me at all
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
2. Working with a computer would make me very nervous
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
3. I do not feel threatened when others talk about computers
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
4. It wouldn’t bother me at all to take computer courses
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
5. Computers make me feel uncomfortable
(Strongly Disagree) 1 2 3 4 5
6. I would feel at ease in a computer class

(Strongly Agree)

(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
7. I get a sinking feeling when I think of trying to use a computer
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
8. I would feel comfortable working with a computer
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
9. Computers make me feel uneasy and confused
(Strongly Disagree) 1 2 3 4 5 (Strongly Agree)
10. I do not enjoy talking with others about computers
(Strongly Disagree) 1
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2

3

4

5

(Strongly Agree)

State Anxiety in Computing Situations (SACS)
Please place a () under the column that best describes how often you experienced the
following FEELINGS or SYMPTOMS when you last used a computer. If you have never
used a computer, place a () under the column that best describes how often you experience the
following feelings or symptoms when thinking about using a computer.
Almost
Never

Sometimes

Often

Almost
Always

Insecure
At ease
Lack of concentration
Comfortable
Anxious
Heart palpitations
Worried
Wandering attention
Threatened
Happy
Sweaty palms
Secure
Nervous stomach “butterflies
Relaxed
Intrusive thoughts
Hot and sweaty
Rattled
Content
Dry mouth
Distractibility
Helpless
Interference from irrelevant
concerns

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Sense of Control Scale (SCS)
Please indicate how often you have the following THOUGHTS when you use a computer
or think about using a computer. Write down the number that corresponds to the frequency
in which you have these thoughts in the left-hand column.
Not at all
1

A little
2

A fair amount
3

_____People will notice if I make a mistake
_____I can master the computer
_____Everyone else but me knows what
they are doing
_____What if I hit the wrong key?
_____I know I can do it
_____I will be able to get the computer to
do what I want

Much
4

Very much
5

_____I’m too embarrassed to ask for help
_____I feel in control of what I have to do
_____I feel sure about my ability with
computers
_____I’m afraid I’ll wreck the program
_____I will understand what to do
_____I might break the machine
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Attitude Towards Computerised Assessment Scale (ATCAS)
Listed below are a series of statements describing various thoughts and feelings that you may
have about completing tests on the computer. Please indicate whether you agree or disagree
with each statement by circling the most appropriate response. Use the following scale to
guide your responses to each statement:
1 = Strongly Disagree
4= Mostly Agree
2 = Mostly Disagree
5= Strongly Agree
3 = Uncertain
1. I felt more nervous completing the test on the computer than on paper
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

2. The test instructions presented on the computer were difficult to understand
(Strongly Disagree) 1
2
3
4
5
(Strongly Agree)
3. I would have found it helpful if I was given more practice time on the computer before

starting the test
(Strongly Disagree) 1
2
3
4
5
(Strongly Agree)
4. Reading an item/question on the computer screen was more difficult than reading the same

item from the paper-and-pencil test form
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

5. Having to answer items/questions by using the computer keyboard was easier than
handling a separate response sheet
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

6. I felt more anxious taking the test on the computer than on paper
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

7. Worrying about my lack of computer experience interfered with my performance on the
computer administered test
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

8. I would rather take a computer-administered test than a paper-and-pencil test in the future
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

9. Computerised tests require too much experience with computers
(Strongly Disagree) 1

2

3

4

5

(Strongly Agree)

10. I wish computerised tests did not bother me so much
(Strongly Disagree) 1
2
3
4
5
(Strongly Agree)
11. Thinking about pressing the wrong key interfered with my performance on the computer

administered test
(Strongly Disagree) 1
2
3
4
5
(Strongly Agree)
12. It was easier to check my responses on the paper-and-pencil test than on the computer

administered test
(Strongly Disagree) 1
2
3
4
5
(Strongly Agree)
13. I felt more comfortable completing the test on paper than on the computer
(Strongly Disagree) 1
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2

3

4

5

(Strongly Agree)

Perceived Computer Proficiency
Using the following scale, indicate by circling the most appropriate response, your
perceived level of experience in the following computer related activities.
None

Beginner

Intermediate

Advanced

Expert

Word
Processing
Spreadsheets

0

1

2

3

4

0

1

2

3

4

Games

0

1

2

3

4

WWW / Internet

0

1

2

3

4

E-mail

0

1

2

3

4

Database

0

1

2

3

4

Programming

0

1

2

3

4

Computer Usage Scale (CUS)
Using the following scale, indicate by circling the most appropriate response, how
often over the past twelve months you have used computerised technology in the
following ways.
Never

Sometimes

Frequently

Word Processing

0

1

2

Spreadsheets

0

1

2

Games

0

1

2

WWW or Internet

0

1

2

E-mail

0

1

2

Database

0

1

2

Statistical analyses

0

1

2

Accounting

0

1

2

Computer
Programming
Web Page Design

0

1

2

0

1

2

Graphics

0

1

2
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Amount of Computer Experience
In completing this section of the questionnaire, please answer each question by circling the
correct response.
For how many months/ years have you used a computer?
a) None

b) Less than 6 months

e) 5-10 years

c) 6 months-1 year

d) 1-2 years

f) More than 10 years

How many hours per week do you use a computer at home?
a) Less than 5 hours

b) 5-10 hours

c) 10-20 hours

d) 20-50 hours

e) More than 50 hours
How many hours per week do you use a computer at work?
a) Less than 5 hours

b) 5-10 hours

c) 10-20 hours

d) 20-50 hours

e) More than 50 hours
How many hours have you spent so far learning to use a computer in a formal training
setting?
a) Less than 5 hours

b) 5-10 hours

c) 10-20 hours

d) 20-50 hours

e) More than 50 hours

Opportunity to Use Computers
In completing this section of the questionnaire, please answer each question by circling the
correct response.
Did you use computers at high school or University or TAFE?
a) Yes

b) No

Do you have access to a Personal Computer at home?
a) Yes…..Go to question 4

b) No……Go to question 5

Do you use a computer at work?
Yes……Go to question 6

b)

No……Go to question 7

Have you ever participated in a computer-training program?
a) Yes…….Go to question 8

b) No……Go to question 9

Have you ever taken a test or exam where you were required to type responses using a
computer?
a) Yes
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b) No

If Yes, please specify___________________

APPENDIX B: The Development and Factor Structure of the Attitude Towards
Computerised Assessment Scale
Introduction
The Attitude Towards Computerised Assessment Scale (ATCAS) was developed for
the purpose of this thesis to allow for the exploration of examinees’ reactions towards
computerised relative to conventional testing methods. The questionnaire was
developed to evaluate the anxiety produced by the CBT environment relative to the
conventional test environment, perceived difficulty of interacting with computers, ease
of answering questions by test mode and preference for taking a p&p as opposed to a
computerised test. Of the 13 items comprising the ATCAS, nine items were taken
from an attitude questionnaire developed by Burke et al. (1987) and modified slightly
for the purpose of this study. An additional four items were devised to increase the
number of items assessing examinees’ affective reactions towards the conventional
versus computerised test environment.

The factor structure of the ATCAS is addressed by presenting the research findings of
two independent studies. In Study 1, exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA) were performed on data collected from applicants
of the ADF. The factor structure that emerged was used in Section 6.3.6 and Section
7.3.6 to explore the experiential equivalence of Test MX and Test C. In Study 2, EFA
was performed on data collected from first and second year psychology undergraduate
students. The factor structure that emerged was used in Section 8.3.7 to examine the
experiential equivalence of the ACER-AQ.
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Study 1: Exploratory Analysis of the ATCAS Using an Australian Defence Force
Sample
Sample
The participants for Phase 1 of Study 1 were 201 ADF applicants. Of the participants
in this initial sample, 170 were male and 30 were female (1 did not report sex). The
mean age of the male respondents was 22 years (M = 22.44, SD = 5.20, range = 16 to
41), while the mean age of the female respondents was 21 years (M = 21.05, SD =
4.01, range = 17 to 33), respectively.

Procedure
The procedure is consistent with that reported in Section 6.2.4. Thus, at the end of the
computerised testing session participants completed the ATCAS and a demographic
information sheet.

Results of the Exploratory Analysis
Principal axis factoring analyses with oblique rotation was performed to determine
whether the ATCAS items were correlated with specific factors. The factor analysis
resulted in the emergence of two factors with eigenvalues greater than one. The factor
loadings for the item set are presented in Table 48. Examination of the items
pertaining to each rotated factor suggests that the eight items comprising the first
factor entailed more perceived ease in taking the CBT than the five items loading on
the second factor.
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Table 48
Factor Loadings and Sub-Scale Reliabilities for ADF Sample
Factor 1
(13) I felt more comfortable completing the
test on paper than computer.
(12) It was easier to check my responses on
the computer rather than paper test.
(8) I would prefer to take a computer rather
than paper test in the future.
(4) More difficult reading item/question on
the computer than paper.
(1) More nervous on computer than paper.

M

Item

Cronbach’s

Corrected

(SD)

factor

alpha

item total

2.16

loadings

correlations

.93

.70

.57

.44

.51

.49

.44

.53

.42

.52

.40

.39

.39

.45

.35

.42

(1.16)
2.70
(1.40)
2.20
(1.22)
1.67
(1.05)
1.92
(1.10)

(5) Answer questions on computer easier
than separate question sheet.
(6) More anxious on computer than paper.

2.09
(1.08)
1.96
(1.10)

(2) Test instructions on computer were
difficult to understand.

1.34
(0.67)

.78

Factor 2
(7) Concern about experience interfered
with performance on the CBT.
(9) Computerised tests require too much
experience with computers.
(3) Helpful if given more practice time on

1.48

1.44

1.79

(10) I wish computerised tests did not

1.58

key interfered with by performance.
Total

.60

.51

.58

.53

.56

.56

(0.81)

(1.03)

(11) Thinking about pressing the wrong

.57

(0.83)

the computer before starting the test.

bother me so much.

.77

(0.97)
1.43

.50

.76

.51

(0.89)
.85
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The two factors were labeled according to the major items defining the factors. Interrater responses demonstrated consistency in the naming of such factors as Ease of Use
and CBT-Confidence. The Ease of Use factor accounted for most of the covariance
(36.34 %) and consisted of eight items with loadings ranging from .35 to .93. The five
items on the CBT-Confidence sub-scale accounted for 9.10 % of the covariance. These
items had loadings ranging from .50 to .77. These factor loadings suggest a good
correspondence between the observed variables and the underlying construct of testtaking experience (Tabachnick & Fidell, 2001).

Psychometric Properties
Internal consistency analyses were conducted on both factors. As displayed in Table
48, Cronbach’s alpha was .78 for the Ease of Use sub-scale and .76 for the CBTConfidence sub-scale. Cronbach’s alpha for the entire scale was .85. These coefficients
indicate good internal consistency for each of the factors and the total scale (Anastasi,
1990). Moreover, each item comprising the ATCAS was related to the total test scores
as demonstrated by the corrected item-total correlations displayed in Table 48.
Specifically, corrected item correlations ranged from .39 to .70 for the Ease of Use
sub-scale and from .51 to .57 for the CBT-Confidence sub-scale. The deletion of the
items either reduced alpha or left alpha unchanged. Therefore, the items retained for
each of the sub-scales appear to measure their respective underlying constructs
(Kaplan & Saccuzzo, 1993). A further estimate of the internal consistency of the factor
solution ascertained was given by the squared multiple correlations (SMC) of factor
scores. SMC ranged from .19 to .49 for the Ease of Use sub-scale and from .28 to .32
for the CBT-Confidence sub-scale. Since SMC ranged between 0 and 1, the observed
variables accounted for substantial variance in the factor scores. Hence, the two factors

392

are clearly defined by the observed variables comprising each sub-scale (Tabachnick
& Fidell, 2001). In addition, 95 % of the item-item correlations were in the expected
range of .20 to .70, indicating homogeneity among the sub-scale items. Specifically,
item-item correlations ranged from .16 to .75 for the Ease of Use sub-scale and from
.59 to .65 for the CBT-Confidence sub-scale. These findings, along with corrected
item-total correlations and modest SMC, provide strong evidence for the internal
consistency of the ATCAS (Kaplan & Saccuzzo, 1993).

Confirmatory Factor Analysis of ADF Data
Sample
Of the 331 participants, 263 were male and 66 were female (2 did not report sex). The
mean age of the respondents was 22 years, respectively (M = 21.56, SD = 04.28, range
= 17 to 36).

Procedure and Instruments
Again, the procedure is consistent with that reported in Section 6.2.4.

The Results of the Confirmatory Factor Analysis
The emergent two-factor structure was confirmed using AMOS 4 (Arbuckle, 1998) on
the sample of ADF participants. The factor loadings for the two factor model are
displayed in Table 49.

393

Table 49
Factor Loadings and Sub-Scale Reliabilities for the Second ADF Sample

Factor 1

(13) I felt more comfortable completing the
test on paper than computer.
(12) It was easier to check my responses on
the computer rather than paper test.
(8) I would prefer to take a computer rather
than paper test in the future.
(4) More difficult reading item/question on
the computer than paper.
(1) More nervous on computer than paper.

M

Item

Cronbach’s

Corrected

(SD)

factor

alpha

item total

2.47

loadings

correlations

.72

.67

.52

.48

.69

.64

.66

.58

.77

.67

.54

.49

.41

.30

(1.39)
3.02
(1.46)
2.33
(1.35)
1.89
(1.23)
1.78
(1.17)

(5) Answer questions on computer easier
than separate question sheet.
(6) More anxious on computer than paper.

2.51
(1.43)
2.14
(1.34)

(2) Test instructions on computer were
difficult to understand.
Factor 2
(7) Concern about experience interfered
with performance on the CBT.
(9) Computerised tests require too much
experience with computers.
(3) Helpful if given more practice time on

1.49

1.63

1.56

2.06

1.58

Total
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.75

.65

.66

.58

.57

.47

.70

.62

(0.91)

(10) I wish computerised tests did not

interfered with by performance.

.47

(1.06)

(1.21)

(11) Thinking about pressing the wrong key

.81

(0.87)

the computer before starting the test.

bother me so much.

.56

(0.92)
1.58

.76

.80

(0.97)
.87

.65

Table 49 shows that all items obtained satisfactory loading on their respective factors
(i.e., >.40). Cronbach’s alpha for the Ease of Use factor (α = .81) and the CBTConfidence factor (α = .80) met or exceeded Nunnally’s (1967) criterion of .70. A chisquare of 243.90 with 64 degrees of freedom, and a chi-square ratio of 3.81, suggests
that the model does not adequately account for the observed covariance among the
variables. However, other tests of fit used by researchers indicated good fit. For the
two-factor model under discussion, the Normed Fit Index (.97), Non-Normed Fit
Index (.95) and Goodness of Fit Index (.93) surpassed the acceptable threshold value
of (.90) and thus provide evidence of acceptable fit (Tabachnick & Fidell, 2001).

Psychometric Properties
Homogeneity among the sub-scale items was demonstrated given that 95 % of the
item-item correlations were in the expected range of .20 to .70 (Anastasi, 1990).
Specifically, the item-item correlations ranged from .06 to .60 for the Ease of Use subscale and from .36 to .57 for the CBT-Confidence sub-scale. Corrected item-total
correlations, on the other hand, ranged from .30 to .67 for the Ease of Use sub-scale
and from .47 to .65 for the CBT-Confidence sub-scale. Moreover, the deletion of the
items either reduced alpha or left alpha unchanged. SMC ranged from .21 to .53 for
the Ease of Use sub-scale and from .22 to .45 for the CBT-Confidence sub-scale. The
SMC ranged between 0 and 1 suggesting that the observed variables accounted for
substantial variance in the factor scores. Overall the results suggest that items
comprising each sub-scale appear to measure their respective underlying constructs
(Kaplan & Saccuzzo, 1993).
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Study 2: Factor Analysis of the ATCAS Using a Student Sample
Sample
Ninety-two undergraduate psychology students participated in this study in exchange
for course credit. The sample consisted of 66 female and 23 male males with an
average age of 22 years (range = 18 to 45 years, SD = 5.57). Three participants did not
report their demographic information.

Procedure
The procedure is consistent with that reported in Section 8.2.4. Thus examinees in the
P-C and C-P groups were administered the ATCAS at the end of the second test phase.
Questionnaire information collected from the counterbalanced groups was used in the
present study to examine the factor structure of the ATCAS.

Results of the Exploratory Factor Analysis
Support was found for the existence of two separate factors (eigenvalues greater than
one) based on principal axis factoring of the attitude data using Promax rotation. The
factor loadings for the item set are presented in Table 50. The Ease of Use factor
accounted for most of the variance (43.87 %) and consisted of nine items with
loadings ranging from .36 to .98. The four items comprising the CBT-Confidence
factor accounted for 10.99 % of the variance. These items had loadings ranging from
.57 to .88.
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Table 50
Factor Loadings and Sub-Scale Reliabilities for Student Sample

Factor 1

(13) I felt more comfortable completing the
test on paper than computer.
(1) More nervous on computer than paper.

M

Item

Cronbach’s

Corrected

(SD)

factor

alpha

item total

3.23

loadings

correlations

.98

.81

.74

.67

.75

.76

.63

.58

.66

.60

.58

.60

.56

.49

.44

.53

(1.24)
2.49
(1.29)

(4) More difficult reading item/question on
the computer than paper.
(5) Answer questions on computer easier
than separate question sheet.
(8) I would prefer to take a computer rather
than paper test in the future.
(6) More anxious on computer than paper.

2.65
(1.43)
3.02
(1.20)
3.32
(1.18)
2.36
(1.14)

(12) It was easier to check my responses on
the computer rather than paper test.
(2) Test instructions on computer were
difficult to understand.
(3) Helpful if given more practice time on
the computer before starting the test.

3.42
(1.46)
2.09
(1.15)
1.97

.36

.87

.47

(1.07)

Factor 2
(7) Concern about experience interfered
with performance on the computerised test.
(10) I wish computerised tests did not
bother me so much.
(11) Thinking about pressing the wrong key
interfered with by performance.
(9) Computerised tests require too much
experience with computers.
Total

1.48

.88

.73

.66

.65

.64

.56

(0.76)
1.80
(1.12)
1.53
(0.90)
1.45

.57

.78

.47

(0.64)
. 92
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These factor loadings suggest a good correspondence between the observed variables
and the underlying construct of test-taking experience (Tabachnick & Fidell, 2001).

Psychometric Properties
The internal consistency of the ATCAS (Cronbach’s α = .92) and both its Ease of Use
(Cronbach’s α = .87) and CBT-Confidence (Cronbach’s α = .78) sub-scales were
moderate, attesting to the reliability of the questionnaire. With one exception
(correlation between Item 2 and Item 12), item-item correlations were in the expected
range of .20 to .70, thus indicating homogeneity among the sub-scale items.
Specifically, item-item correlations ranged from .17 to .70 for the Ease of Use subscale and from .34 to .70 for CBT-Confidence sub-scale. Corrected item correlations,
on the other hand, ranged from .47 to .81 for the Ease of Use sub-scale and from .47 to
.72 for the CBT-Confidence sub-scale. Hence, for both sub-scales, corrected item-total
correlations were above .29 (Anastasi, 1990). Moreover, Cronbach’s α did not
increase with the deletion of a single item. Therefore, the items retained for each of the
sub-scales appear to measure their respective underlying constructs (Kaplan &
Saccuzzo, 1993).

The SMC ranged from .37 to .71 for the Ease of Use sub-scale and from .26 to .56 for
the CBT-Confidence sub-scale. Since the SMC ranged between 0 and 1, the observed
variables accounted for substantial variance in the factor scores. Therefore, the two
factors are clearly defined by the observed variables comprising each sub-scale
(Tabachnick & Fidell, 2001). Together these findings provide further evidence for the
internal consistency of the ATCAS.
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Discussion
The overall objective of Studies 1 and 2 was to examine the psychometric properties,
internal consistency and factor structure of the ATCAS. The results of both studies
identified two components underlying the individual’s perceptions of the CBT
experience: Ease of Use and CBT-Confidence. The first factor evaluated the
respondent’s emotional reactions towards the CBT environment and perceived ease of
use. The second factor addresses examinees’ confidence in using the computerised test
based on their current level of computer experience. Specifically, the results of Study 1
showed that the dimensionality of the ATCAS was stable over independent ADF
samples. Principal axis factoring with oblique rotation revealed the presence of two
factors, while the results of the CFA verified the structure of the two factor model.
Likewise, two factors emerged from the exploratory factor analysis performed in
Study 2. Hence, the original two factors, namely, Ease of Use and CBT-Confidence
were also obtained in the second study. Overall, the interpretation of the two
components was consistent across studies with one notable exception. Item 3 (Helpful
if given more practice time on the computer before starting the test) loaded on the
second factor for the ADF sample, but loaded on the first factor for the student sample.
Therefore, for the student sample examinees’ preference for more practice time loaded
with ease of use items rather than confidence items, while for the ADF sample this
item loaded with items relating to CBT confidence. With respect to internal
consistency, Cronbach’s alpha exceeded .70 for the sub-scale scores and the total
ATCAS score in both Studies 1 and 2. Moreover, inspection of the corrected item-total
correlation coefficients revealed that no items adversely affected the overall value of
alpha for the two sub-scales. These findings, along with modest SMC, provide strong
evidence for the internal consistency of the ATCAS (Kaplan & Saccuzzo, 1993).
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In light of the present findings the ATCAS may be deemed appropriate for field
research given its psychometric properties and given that it is a brief measure requiring
less than five minutes to administer. Use of this measure on experiential equivalence
will foster a better understanding of the qualitative aspects of the test-taking
experience likely to affect performance on computerised tests of cognitive ability and
thus its equivalence with conventional tests.
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APPENDIX C: Background Information, Reliability and Regression Analyses for
Phase 1 of Study 1
Table 51
Comparison of Test MX Examinees on Background Information by Test Group
χ²

P-P a

P-C b

n (%)

n (%)

Yes

211 (96.3)

191 (97.0)

No

8 (3.7)

6 (3.0)

School certificate

82 (38.7)

71 (37.4)

Higher school certificate

79 (37.3)

64 (33.7)

TAFE

38 (17.9)

44 (23.2)

University degree

13 (6.1)

11 (5.8)

Yes

85 (39.2)

72 (36.5)

No

132 (60.8)

125 (63.5)

Beginner

33 (15.0)

38 (19.7)

Intermediate

112 (50.9)

96 (49.7)

Advanced

75 (34.1)

59 (30.6)

Opportunity to use computers

Yes

Yes

Use computers in educational setting

189 (86.7)

160 (80.8)

2.66

Access to home computer

161 (73.5)

136 (68.7)

1.18

Access to computer at work

65 (30.0)

64 (32.8)

0.39

Completed a computer training

94 (43.1)

80 (40.6)

0.27

Background characteristics

English as first language
0.12

Level of education
1.77

Exam on computer
0.30

Computer knowledge
1.74

program
a

Due to missing values on some measures, n ranged from 212 to 220 for the P-P

group.
b

Due to missing values on some measures, n ranged from 174 to 194 for the P-C

group.
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Table 52
Cronbach’s Alpha Coefficients for Measures of Anxiety, Computer Thoughts and
Computer Usage for the Entire Sample of Test MX Examinees and by Test Group
Scale
SCS-Total
SCS-Control
SCS-Fear
SACS-Total
SACS-Worry
SACS-Distractibility
SACS- Happiness
SACSPhysiological Symptoms
CAS-Anxiety
RTA- Total
RTA – Worry
RTA-Tension
RTA – Irrelevant Thinking
RTA – Bodily Symptoms
STAI-Trait
STAI-6
CUS
PCPS
ATCAS

Total
sample
.85
(407)
.92
(408)
.75
(410)
.87
(380)
.72
(398)
.79
(392)
.90
(403)
.66
(402)
.84
(393)
.87
(401)
.77
(407)
.72
(412)
.72
(409)
.64
(416)
.77
(404)
.79
(406)
.84
(396)
.88
(405)
-

P-P
group
.86
(217)
.92
(217)
.80
(219)
.88
(206)
.73
(213)
.78
(211)
.90
(214)
.69
(214)
.85
(207)
.88
(211)
.77
(213)
.74
(216)
.70
(215)
.65
(218)
.77
(217)
.78
(216)
.83
(210)
.88
(213)
-

P-C
group
.84
(190)
.92
(191)
.62
(191)
.87
(174)
.71
(185)
.80
(181)
.90
(189)
.62
(188)
.82
(186)
.86
(190)
.79
(194)
.70
(196)
.72
(194)
.61
(198)
.78
(187)
.80
(190)
.85
(186)
.87
(186)
.79
(203)

Note. Sample size appears in parentheses.
SCS: Sense of Control Scale; SACS: State Anxiety in Computer Situations Scale: CAS:
Computer Attitude Scale; RTA: Revised Test Anxiety Scale; STAI: State-Trait Anxiety
Inventory; STAI-6: Short form of the State component of the State-Trait Anxiety Inventory;
CUS: Computer Usage Scale; PCPS: Perceived Computer Proficiency Scale; ATCAS:
Attitude Towards Computerised Assessment Scale.
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Table 53
Hierarchical Multiple Regression of State Anxiety and Test Mode on Number-Correct
on Test MX at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.89

0.02

.89

40.04***

Correct time 1

0.89

0.02

.89

40.17***

State anxiety

-0.06

0.02

-.06

-2.82*

Correct time 1

0.88

0.02

.89

39.58***

State anxiety

-0.06

0.02

-.06

-2.82*

Test mode

-0.02

0.02

-.02

-1.00

Correct time 1

0.88

0.02

.89

39.57***

State anxiety

-0.06

0.02

-.06

-2.82*

Test mode

-0.02

0.02

-.02

-1.00

State anxiety by test

0.02

0.02

.02

1.03

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

mode
Note. R² = .796, ∆ R² = .004, p > .05 for Step 2, ∆ R² = .000, p > .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 408) =
410.16, p = .000.
* p < .05 ; *** p < .001
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Table 54
Hierarchical Multiple Regression of Trait Anxiety and Test Mode on Number-Correct
on Test MX at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.86

0.02

.89

39.80***

Correct time 1

0.88

0.02

.89

39.94***

Trait anxiety

-0.05

0.02

-.05

-2.20

Correct time 1

0.88

0.02

.89

39.43***

Trait anxiety

-0.05

0.02

-.05

-2.25

Test mode

-0.02

0.02

-.02

-1.06

Correct time 1

0.88

0.02

.89

39.38***

Trait anxiety

-0.05

0.02

-.05

-2.27

Test mode

-2.37

0.02

-.02

-1.06

Trait anxiety by test

-0.01

0.02

-.01

-0.34

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

mode
Note. R² = .795, ∆ R² = .002, p > .05 for Step 2, ∆ R² = .001, p > .05 for Step 3, ∆ R² =
.000, p > .05 for Step 4. Overall model was statistically significant: F(4, 406) =
400.51, p = .000. Four cases with Mahalanobis distance values > 18.467 were
identified as multivariate outliers and deleted.
*** p < .001
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Table 55
Hierarchical Multiple Regression of Test Anxiety Worry and Test Mode on
Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
Step 1
Test anxiety worry
-0.08
Step 2
Test anxiety worry
-0.08
Test mode
-0.06
Step 3
Test anxiety worry
-0.08
Test mode
-0.06
Test anxiety worry
0.04
by test mode
Note. R² = .006, ∆ R² = .004 for Step 2,

SE B

β

t

0.05

-.08

-1.53

0.05
0.05

-.08
-.06

-1.51
-1.23

0.05
0.05
0.05

-.08
-.06
.04

-1.58
-1.20
0.82

∆ R² = .002 for Step 3 (ps > .05). Overall

model was not significant: F(3, 405) = 1.51, p = .211. Five cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.

Table 56
Hierarchical Multiple Regression of Test Anxiety Irrelevant Thinking and Test Mode
on Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
Step 1
Test anxiety
-0.11
irrelevant thinking
Step 2
Irrelevant thinking
-0.11
Test mode
-0.06
Step 3
Irrelevant thinking
-0.11
Test mode
-0.06
Irrelevant thinking
0.02
by test mode
Note. R² = .010, ∆ R² = .004 for Step 2,

SE B

β

t

0.06

-.10

-2.02*

0.06
0.05

-.10
-.06

-2.04*
-1.19

0.06
0.05
0.06

-.10
-.06
.01

-2.01*
-1.16
0.29

∆ R² = .000 for Step 3 (ps > .05). Overall

model was not significant: F(3, 399) = 1.86, p = .136. Ten cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.
*p < .05
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Table 57
Hierarchical Multiple Regression of Test Anxiety Tension and Test Mode on
Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
Step 1
Test anxiety tension
-0.09
Step 2
Test anxiety tension
-0.09
Test mode
-0.07
Step 3
Test anxiety tension
-0.09
Test mode
-0.07
Test anxiety tension
-0.01
by test mode
Note. R² = .007, ∆ R² = .004 for Step 2,

SE B

β

t

0.05

-.08

-1.67

0.06
0.05

-.09
-.07

-1.73
-1.34

0.06
0.05
0.06

-.08
-.07
-.01

-1.71
-1.35
-0.20

∆ R² = .000 for Step 3 (ps > .05). Overall

model was not significant: F(3, 403) = 1.54, p = .203. Nine cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.

Table 58
Hierarchical Multiple Regression of State Anxiety and Test Mode on Standardised
Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
β
Step 1
State anxiety
-0.13
0.05
-.13
Step 2
State anxiety
-0.13
0.05
-.13
Test mode
-0.04
0.05
-.04
Step 3
State anxiety
-0.13
0.05
-.13
Test mode
-0.04
0.05
-.04
State anxiety
0.06
0.05
.06
by test mode
Note. R² = .016, ∆ R² = .002 for Step 2, ∆ R² = .004 for Step 3 (ps > .05).

t
-2.60*
-2.60*
-0.88
-2.58*
-0.87
1.23

Overall model was significant: F(3, 408) = 3.02, p = .030. One case with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.
*p < .05
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Table 59
Hierarchical Multiple Regression of Trait Anxiety and Test Mode on Standardised
Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
Step 1
Trait anxiety
-0.11
Step 2
Trait anxiety
-0.12
Test mode
-0.05
Step 3
Trait anxiety
-0.12
Test mode
-0.05
Trait anxiety
-0.01
by test mode
Note. R² = .012, ∆ R² = .002 for Step 2,

SE B

β

t

0.05

-.11

-2.25*

0.05
0.05

-.11
-.05

-2.29*
-0.98

0.05
0.05
0.05

-.11
-.05
-.01

-2.30*
-0.98
-0.28

∆ R² = .000 for Step 3 (ps > .05). Overall

model was not significant: F(3, 406) = 2.03, p = .109. Three cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.
*p < .05
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Table 60
Hierarchical Multiple Regression of State Computer Anxiety Worry and Test Mode on
Number-Correct on Test MX at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.89

0.02

.89

38.32***

Correct time 1

0.89

0.02

.89

38.28***

Worry

-0.04

0.03

-.03

-1.33

Correct time 1

.88

0.02

.88

37.68***

Worry

-0.04

0.03

-.03

-1.34

Test mode

-0.03

0.02

-.03

-1.06

Correct time 1

0.88

0.02

.88

37.63***

Worry

-0.04

0.03

-.04

-1.33

Test mode

-0.03

0.02

-.03

-1.07

Worry by

-0.01

0.03

-.01

-0.21

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .789, ∆ R² = .001, p > .05 for Step 2, ∆ R² = .001, p > .05 for Step 3, ∆ R² =
.000, p >.05 for Step 4. Overall model was statistically significant: F(4, 390) = 367.81,
p = .000. Eight cases with Mahalanobis distance values > 18.467 were identified as
multivariate outliers and deleted.
*** p < .001
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Table 61
Hierarchical Multiple Regression of State Computer Anxiety Distractibility and Test
Mode on Number-Correct on Test MX at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.90

0.02

.90

40.10***

Correct time 1

0.90

0.02

.90

40.22***

Distractibility

-0.04

0.02

-.04

-1.66

Correct time 1

0.89

0.02

.89

39.68***

Distractibility

-0.04

0.02

-.04

-1.66

Test mode

-0.03

0.02

-.03

-1.26

Correct time 1

0.89

0.02

.89

39.70***

Distractibility

-0.04

0.02

-.04

-1.75

Test mode

-0.03

0.02

-.03

-1.29

Distractibility by

-0.02

0.02

-.02

-1.04

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .801, ∆ R² = .001, p > .05 for Step 2, ∆ R² = .001, p > .05 for Step 3, ∆ R² =
.001, p >.05 for Step 4. Overall model was statistically significant F(4, 397) = 405.70,
p = .000. Three cases with Mahalanobis distance values > 18.467 were identified as
multivariate outliers and deleted.
*** p < .001
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Table 62
Hierarchical Multiple Regression of Computer Thoughts and Test Mode on
Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
Step 1
Computer thoughts
-0.11
Step 2
Computer thoughts
-0.11
Test mode
-0.05
Step 3
Computer thoughts
-0.12
Test mode
-0.05
Computer thoughts
-0.10
by test mode
Note. R² = .011, ∆ R² = .002 for Step 2,

SE B

β

t

.052

-.11

-2.13**

.052
.049

-.10
-.05

-2.11**
-0.95

.052
.049
.052

-.11
-.05
-.10

-2.23**
-1.02
-1.92*

∆ R² = .009 for Step 3 (ps > .05). Overall

model was significant: F(3, 404) = 3.05, p = .029. Five case with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.
*p <.10; **p <.05

Table 63
Hierarchical Multiple Regression of Control Cognitions and Test Mode on
Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
Step 1
Control cognitions
0.11
0.05
Step 2
Control cognitions
0.11
0.05
Test mode
-0.04
0.05
Step 3
Control cognitions
0.11
0.05
Test mode
-0.04
0.05
Control cognitions
0.08
0.05
by test mode
Note. R² = .012, ∆ R² = .002 for Step 2, ∆ R² = .006 for
model significant: F(3, 409) = 2.75, p = .042.
*p <.10; **p <.05
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β

t

.11

2.28*

.11
-.04

2.24*
-0.81

.11
-.04
.08

2.23*
-0.80
1.55

Step 3 (ps > .05). Overall

Table 64
Hierarchical Multiple Regression of Fear Cognitions and Test Mode on Standardised
Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
Step 1
Fear cognitions
-0.08
0.07
Step 2
Fear cognitions
-0.09
0.07
Test mode
-0.05
0.05
Step 3
Fear cognitions
-0.10
0.07
Test mode
-0.07
0.05
Fear cognitions
-0.10
0.07
by test mode
Note. R² = .003, ∆ R² = .003 for Step 2, ∆ R² = .005 for

β

t

-.06

-1.15

-.06
-.05

-1.18
-1.06

-.07
-.07
.07

-1.32
-1.30
-1.38

Step 3 (ps > .05). Overall

model not significant: F(3, 395) = 1.45, p = .229. Fourteen cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.

Table 65
Hierarchical Multiple Regression of State Computer Anxiety Worry Cognitions and
Test Mode on Standardised Residual Difference Scores for the Sample of Test MX
Examinees
Variables
B
SE B
Step 1
Worry cognitions
-0.08
0.06
Step 2
Worry cognitions
-0.08
0.06
Test mode
-0.05
0.05
Step 3
Worry cognitions
-0.08
0.06
Test mode
-0.05
0.05
Worry cognitions
-0.02
0.06
by test mode
Note. R² = .004, ∆ R² = .003 for Step 2, ∆ R² = .003 for

β

t

-.07

-1.29

-.07
-.05

-1.33
1.02

-.07
-.05
-.02

-1.29
-1.05
-0.32

Step 3 (ps > .05). Overall

model not significant: F(3, 387) = 0.93, p = .424. Twelve cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.
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Table 66
Hierarchical Multiple Regression of Distractibility Cognitions and Test Mode on
Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
Step 1
Distractibility
-0.08
0.05
cognitions
Step 2
Distractibility
-0.09
0.05
Test mode
-0.06
0.05
Step 3
Distractibility
-0.09
0.05
Test mode
-0.06
0.05
Distractibility
-0.05
0.05
by test mode
Note. R² = .007, ∆ R² = .004 for Step 2, ∆ R² = .003 for

β

t

-0.08

-1.65

-0.08
-0.06

-1.67
-1.28

-0.09
-0.07
-0.05

-1.75
-1.31
-1.04

Step 3 (ps > .05). Overall

model not significant: F(3, 398) = 1.82, p = .144. Three cases with Mahalanobis
distance values > 16.266 were identified as multivariate outliers and deleted.
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Table 67
Hierarchical Multiple Regression of Computer Use and Test Mode on NumberCorrect on Test MX at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.89

0.02

.89

40.04***

Correct time 1

0.89

0.02

.89

39.75***

Computer use

0.03

0.02

.03

1.11

Correct time 1

0.87

0.02

.89

39.13***

Computer use

0.03

0.02

.03

1.12

Test mode

-0.03

0.02

-.03

-1.32***

Correct time 1

0.89

0.02

.89

39.07***

Computer use

0.03

0.02

.03

1.15

Test mode

-0.03

0.02

-.030

-1.31

Computer use by

-0.02

0.02

-.02

-0.68

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .796, ∆ R² = .001, p > .05 for Step 2, ∆ R² = .001, p > .05 for Step 3, ∆ R² =
.000, p > .05 for Step 4. Overall model was statistically significant: F(4, 407) =
402.05, p = .000. One case with Mahalanobis distance values > 18.467 were identified
as multivariate outliers and deleted.
*** p < .001
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Table 68
Hierarchical Multiple Regression of Computer Proficiency and Test Mode on
Number-Correct on Test MX at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.89

0.02

.89

40.23***

Correct time 1

0.89

0.02

.89

39.68***

Computer proficiency

0.03

0.02

.03

1.48

Correct time 1

0.89

0.02

.89

39.17***

Computer proficiency

0.03

0.02

.03

1.41

Test mode

-0.03

0.02

-.03

-1.17***

Correct time 1

0.89

0.02

.89

38.97***

Computer proficiency

0.03

0.02

.03

1.41

Test mode

-0.03

0.02

-.03

-1.17

Computer proficiency

0.00

0.02

.00

0.03

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .797, ∆ R² = .001, p > .05 for Step 2, ∆ R² = .001, p > .05 for Step 3, ∆ R² =
.000, p > .05 for Step 4. Overall model was statistically significant: F(4, 408) =
406.04, p = .000. One case with Mahalanobis distance values > 18.467 were identified
as multivariate outliers and deleted.
*** p < .001
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Table 69
Hierarchical Multiple Regression of Computer Use and Test Mode on Standardised
Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
Step 1
Computer use
0.06
0.05
Step 2
Computer use
0.05
0.05
Test mode
-0.06
0.05
Step 3
Computer use
-0.06
0.05
Test mode
-0.06
0.05
Computer use
- 0.03
0.05
by test mode
Note. R² = .003, ∆ R² = .004 for Step 2, ∆ R² = .001 for

β

t

.06

1.11

.05
-.06

1.10
-1.29

.06
-.06
.03

1.14
-1.30
-0.69

Step 3 (ps > .05). Overall

model not significant: F(3, 408) = 1.13, p = .338. Two case with Mahalanobis distance
values > 16.266 was identified as multivariate outliers and deleted.

Table 70
Hierarchical Multiple Regression of Perceived Computer Proficiency and Test Mode
on Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
Step 1
Perceived Proficiency
0.07
0.05
Step 2
Perceived Proficiency
0.07
0.05
Test mode
-0.06
0.05
Step 3
Perceive Proficiency
0.07
0.05
Test mode
-0.05
0.05
Perceived Proficiency
- 0.00
0.05
by test mode
Note. R² = .005, ∆ R² = .003 for Step 2, ∆ R² = .000 for

β

t

.07

1.48

.07
-.06

1.39
-1.15

.07
-.06
.00

1.38
-1.15
0.00

Step 3 (ps > .05). Overall

model was non significant: F(3, 407) = 1.14, p = .331. Two cases with Mahalanobis
distance values > 16.266 was identified as multivariate outliers and deleted.
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Table 71
Hierarchical Multiple Regression of Computer Anxiety and Test Mode on
Standardised Residual Difference Scores for the Sample of Test MX Examinees
Variables
B
SE B
Step 1
Computer anxiety
-0.11
.06
Step 2
Computer anxiety
-0.11
.06
Test mode
-0.04
.05
Step 3
Computer anxiety
-0.11
.06
Test mode
-0.04
.05
Computer anxiety
0.03
.06
by test mode
Note. R² = .008, ∆ R² = .010 for Step 2, ∆ R² = .011 for

β

t

-.09

-1.84*

-.09
-.04

-1.83*
-0.79

-.09
-.04
.02

-1.86*
-0.84
-0.48

Step 3 (ps > .05). Overall

model not significant: F(3, 398) = 1.41, p = .239. Six cases with Mahalanobis distance
values > 16.266 was identified as multivariate outliers and deleted.
*p <.10; **p <.05
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APPENDIX D: Background Information, Reliability and Regression Analyses for
Phase 2 of Study 1
Table 72
Comparison of Test C Examinees on Background Information by Test Group

χ²

P-P a

P-Cb

n (%)

n (%)

Yes

312 (94.8)

214 (96.8)

No

17 (05.2)

7 (03.2)

School certificate

100 (30.8)

90 (41.3)

Higher school certificate

158 (48.6)

91 (41.7)

TAFE

54 (16.6)

29 (13.3)

University degree

13 (4.0)

8 (3.7)

Yes

130 (39.6)

78 (35.3)

No

198 (60.4)

143 (64.7)

Beginner

59 (18.3)

54 (24.4)

Intermediate

164 (50.9)

105 (47.5)

Advanced

99 (30.7)

62 (28.1)

Opportunity to use computers

Yes

Yes

Use computers in educational

279 (84.8)

177 (80.1)

2.07

Access to home computer

238 (72.8)

164 (74.2)

0.14

Access to computer at work

70 (21.3)

38 (17.3)

1.34

Completed a computer

109 (33.1)

66 (29.7)

0.65

Background characteristics

English as first language
1.27

Level of education
6.44

Exam on computer
1.06

Computer knowledge
2.98

setting

training program
a

Due to missing values on some measures, n ranged from 307 to 328 for the P-P group.

b

Due to missing values on some measures, n ranged from 198 to 220 for the P-C group.
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Table 73
Cronbach’s Alpha Coefficients for Measures of Anxiety, Computer Thoughts and
Computer Usage for the Entire Sample of Test C Examinees and by Test Group
Scale
RTA (total scale)
RTA – Worry
RTA – Irrelevant Thinking
RTA-Tension
RTA – Bodily Symptoms
STAI-Trait
STAI-6
CAS-Anxiety
SCS (total scale)
SCS-Control
SCS-Fear
SACS (total scale)

SACS-Worry
SACS-Distractibility
SACS- Happiness
SACSPhysiological Symptoms
CUS
PCPS
ATCAS

Total
sample
.89
(532)
.75
(538)
.77
(547)
.80
(548)
.69
(548)
.82
(541)
.78
(537)
.80
(514)
.85
(535)
.90
(541)
.73
(541)
.87
(506)

P-P
group
.87
(320)
.74
(325)
.76
(326)
.77
(328)
.65
(328)
.79
(323)
.78
(322)
.79
(307)
.83
(322)
.91
(325)
.68
(325)
.87
(308)

P-C
group
.91
(212)
.76
(213)
.78
(221)
.82
(220)
.74
(220)
.85
(218)
.79
(215)
.82
(207)
.87
(213)
.88
(216)
.77
(216)
.87
(198)

.71
(535)
.79
(528)
.88
(533)
.67
(535)
.83
(522)
.87
(540)
-

.69
(323)
.80
(321)
.90
(322)
.65
(321)
.82
(309)
.86
(323)
-

.72
(212)
.78
(207)
.84
(211)
.68
(214)
.85
(213)
.88
(217)
.87

Note. Sample size appears in parentheses.
SCS: Sense of Control Scale; SACS: State Anxiety in Computer Situations Scale: CAS: Computer
Attitude Scale; RTA: Revised Test Anxiety Scale; STAI: State-Trait Anxiety Inventory; STAI-6: Short
form of the State component of the State-Trait Anxiety Inventory; CUS: Computer Usage Scale; PCPS:
Perceived Computer Proficiency Scale; ATCAS: Attitude Towards Computerised Assessment Scale.
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Table 74
Hierarchical Multiple Regression of Test Anxiety Irrelevant Thinking and Test Mode
on Number-Correct on Test C at Time 2 Controlling for Time 1
B

SE B

β

t

0.81

0.03

.81

31.97***

Correct time 1

0.81

0.03

.81

31.91***

Irrelevant thinking

-0.01

0.03

-.01

-0.41

Correct time 1

0.79

0.02

.79

32.86***

Irrelevant thinking

-0.01

0.03

-.01

-0.41

Test mode

-0.19

0.02

-.21

-8.65***

Correct time 1

0.79

0.02

.79

32.92***

Irrelevant thinking

-0.01

0.03

-.01

-0.55

Test mode

-0.19

0.02

-.21

-8.59***

Irrelevant thinking by

0.04

0.02

.04

1.58

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .659, ∆ R² = .000, p > .05 for Step 2, ∆ R² = .042, p < .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 527) =
311.04, p = .000. Three cases were identified as univariate outliers, while a further
eight cases were identified as multivariate outliers with Mahalanobis distance values >
18.467.
*** p < .001
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Table 75
Hierarchical Multiple Regression of Test Anxiety Tension and Test Mode on NumberCorrect on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.80

0.03

.81

32.39***

Correct time 1

0.80

0.03

.81

32.28***

Irrelevant thinking

0.01

0.03

.01

0.41

Correct time 1

0.78

0.02

.79

33.40***

Irrelevant thinking

0.01

0.02

.01

0.30

Test mode

-0.20

0.02

-.21

-8.90***

Correct time 1

0.78

0.02

.79

33.41***

Irrelevant thinking

0.00

0.03

.00

0.02

Test mode

-0.20

0.02

-.21

-8.88***

Irrelevant thinking by

0.02

0.02

.03

1.04

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .660, ∆ R² = .000, p > .05 for Step 2, ∆ R² = .044, p < .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 537) =
320.05, p = .000. Four cases with standardised residual values greater than -3 were
deleted, while three cases with Mahalanobis distance values > 18.467 were identified
as multivariate outliers and deleted.
*** p < .001
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Table 76
Hierarchical Multiple Regression of Trait Anxiety and Test Mode on Number-Correct
on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.80

0.03

.81

31.76***

Correct time 1

0.80

0.03

.81

31.41***

Trait anxiety

-0.03

0.03

-.03

-0.99

Correct time 1

0.78

0.02

.79

32.64***

Trait anxiety

-0.03

0.03

-.03

-1.11

Test mode

-0.20

0.02

-.21

-8.94***

Correct time 1

0.78

0.02

.79

32.57***

Trait anxiety

-0.03

0.03

-.03

-1.21

Test mode

-0.20

0.02

-.21

-8.89***

Trait anxiety by

0.02

0.02

.02

0.64

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .655, ∆ R² = .001, p > .05 for Step 2, ∆ R² = .045, p < .05 for Step 3, ∆ R² =
.000, p > .05 for Step 4. Overall model was statistically significant: F(4, 529) =
309.69, p = .000. Three cases with standardised residual values greater than -3 were
deleted, while eight cases with Mahalanobis distance values > 18.467 were identified
as multivariate outliers and deleted.
*** p < .001
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Table 77
Hierarchical Multiple Regression of State Anxiety and Test Mode on Number-Correct
on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.80

0.03

.81

31.91***

Correct time 1

0.80

0.03

.81

31.84***

State anxiety

0.03

0.03

-.01

1.27

Correct time 1

0.78

0.02

.79

32.69***

State anxiety

0.00

0.02

-.01

0.14

Test mode

-0.20

0.02

-.21

-8.90***

Correct time 1

0.78

0.02

.79

32.67***

State anxiety

0.00

0.02

.00

0.07

Test mode

-0.20

0.02

-.21

-8.79***

State anxiety by

0.02

0.02

.02

0.73

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .655, ∆ R² = .001, p > .05 for Step 2, ∆ R² = .044, p < .05 for Step 3, ∆ R² =
.000, p > .05 for Step 4. Overall model was statistically significant: F(4, 534) =
312.06, p = .000. Four cases with standardised residual values greater than -3 were
deleted, while four cases with Mahalanobis distance values > 18.467 were identified as
multivariate outliers and deleted.
*** p < .001
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Table 78
Hierarchical Multiple Regression of Test Anxiety Worry and Test Mode on
Standardised Residual Difference Scores for the Sample of Test C Examinees
Variables
Step 1
Test anxiety worry
Step 2
Test anxiety worry
Test mode
Step 3
Test anxiety worry
Test mode
Test anxiety worry
by test mode

B

SE B

β

t

-0.07

0.04

-.08

-1.76

-0.08
-0.32

0.04
0.04

-.08
-.36

-1.91
-8.83***

-0.09
-0.32
0.04

0.04
0.04

-.09
-.36
.05

-2.13*
-8.82***
1.20

0.04

Note. R² = .006, ∆ R² = .127, p < .05 for Step 2, ∆ R² = .002, p > .05 for Step 3. Overall model
was statistically significant: F(3, 532) = 27.69, p = .000. Four cases with standardised residual
values greater than -3 were deleted, while three cases with Mahalanobis distance values >
16.266 were identified as multivariate outliers and deleted.
*p < .05; *** p < .001

Table 79
Hierarchical Multiple Regression of Test Anxiety Irrelevant Thinking and Test Mode
on Residual Difference Scores for the Sample of Test C Examinees
Variables
Step 1
Test anxiety
irrelevant thinking
Step 2
Irrelevant thinking
Test mode
Step 3
Irrelevant thinking
Test mode
Irrelevant thinking
by test mode

B

SE B

β

t

0.00

0.05

.00

-0.02

0.01
-0.32

0.04
0.04

.01
-.35

0.13
-8.71***

0.00
-0.32
0.05

0.04
0.04
0.04

.00
-.35
.05

-0.02
-8.64***
1.23

Note. R² = .000, ∆ R² = .126, p < .05 for Step 2, ∆ R² = .003, p > .05 for Step 3. Overall model
was statistically significant: F(3, 525) = 25.79, p = .000. Four cases with standardised residual
values greater than -3 were deleted, while ten cases with Mahalanobis distance values > 16.266
were identified as multivariate outliers and deleted.
*** p < .001
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Table 80
Hierarchical Multiple Regression of Test Anxiety Tension and Test Mode on Residual
Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
t
β
Step 1
Test anxiety tension
0.02
0.04
.02
0.42
Step 2
Test anxiety tension
0.02
0.04
.02
0.44
Test mode
-0.32
0.04
-.36
-8.87***
Step 3
Test anxiety tension
0.01
0.04
.01
0.14
Test mode
-0.32
0.04
-.36
-8.85***
Test anxiety tension
0.04
0.04
.04
1.00
by test mode
Note. R² = .006, ∆ R² = .127, p < .05 for Step 2, ∆ R² = .002, p > .05 for Step 3. Overall
model was statistically significant: F(3, 537) = 26.61, p = .000, p = .000. Four cases
with standardised residual values greater than -3 were deleted, while four cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
*** p < .001

Table 81
Hierarchical Multiple Regression of Trait Anxiety and Test Mode on Standardised
Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
t
β
Step 1
Trait anxiety
-0.04
0.05
-.04
-0.98
Step 2
Trait anxiety
-0.04
0.04
-.04
-1.00
Test mode
-0.33
0.04
-.36
-8.88***
Step 3
Trait anxiety
-0.05
0.04
-.05
-1.12
Test mode
-0.33
0.04
-.36
-8.84***
Trait anxiety
0.03
0.04
.03
0.72
by test mode
Note. Overall model significant: F(3, 530) = 26.81, p = .000. Three cases with
standardised residual values greater than -3 were deleted, while eight cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
***p < .001
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Table 82
Hierarchical Multiple Regression of State Anxiety and Test Mode on Standardised
Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
t
β
Step 1
State anxiety
0.05
0.04
-.05
-1.08
Step 2
State anxiety
0.01
0.04
-.05
-1.13
Test mode
-0.33
0.04
-.35
-8.68***
Step 3
State anxiety
0.01
0.04
-.01
0.21
Test mode
-0.32
0.04
-.36
-8.73***
State anxiety
0.03
0.04
.03
0.79
by test mode
Note. Overall model significant: F(3, 535) = 26.81, p = .000. Four cases with
standardised residual values greater than -3 were deleted, while eight cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
***p < .001
Table 83
Hierarchical Multiple Regression of Control Cognitions and Test Mode on NumberCorrect on Test C at Time 2 Controlling for Time 1 Scores
Variables
B
SE B
t
β
Step 1
Correct time 1
0.80
0.03
.81
32.30***
Step 2
Correct time 1
0.80
0.03
.81
31.91***
Control cognitions
0.00
0.03
.01
0.18
Step 3
Correct time 1
0.78
0.02
.79
33.17***
Control cognitions
-0.01
0.02
-.01
-0.29
Test mode
-0.20
0.02
-.21
-8.91***
Step 4
Correct time 1
0.78
0.02
.79
33.15***
Control cognitions
-0.01
0.02
-.01
-0.30
Test mode
-0.20
0.02
-.21
-8.92***
Control cognitions
-0.01
0.02
-.01
-0.50
by test mode
Note. R² = .658, ∆ R² = .000, p > .05 for Step 2, ∆ R² = .044, p < .05 for Step 3, ∆ R² = .000, p
> .05 for Step 4. Overall model was statistically significant: F(4, 539) = 317.50, p = .000. Four
cases with standardised residual values greater than -3 were deleted.
*** p < .001
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Table 84
Hierarchical Multiple Regression of Fear Cognitions and Test Mode on NumberCorrect on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.80

0.03

.80

30.94***

Correct time 1

0.80

0.03

.80

30.50***

Fear cognitions

-0.02

0.03

-.02

-0.68

Correct time 1

0.78

0.03

.78

31.78***

Fear cognitions

-0.01

0.03

-.01

-0.59

Test mode

-0.20

0.02

-.22

-8.81***

Correct time 1

0.78

0.03

.78

31.76***

Fear cognitions

-0.02

0.03

-.02

-0.64

Test mode

-0.20

0.02

-.21

-8.79***

Fear cognitions by

0.02

0.02

.02

0.97

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .646, ∆ R² = .000, p > .05 for Step 2, ∆ R² = .046, p < .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 522) =
293.74, p = .000. Three cases with standardised residual values greater than -3 were
deleted, while six cases with Mahalanobis distance values > 18.467 were identified as
multivariate outliers and deleted.
*** p < .001
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Table 85
Hierarchical Multiple Regression of Worry and Test Mode on Number-Correct on Test
C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.80

0.03

.81

31.52***

Correct time 1

0.79

0.03

.80

30.59***

Worry

0.07

0.03

-.07

-2.66**

Correct time 1

0.77

0.02

.78

31.81***

Worry

-0.01

0.02

-.06

-2.26*

Test mode

-0.20

0.02

-.20

-8.47***

Correct time 1

0.77

0.02

.78

31.80***

Worry

-0.06

0.03

-.06

-2.31*

Test mode

-0.20

0.02

-.20

-8.45***

Worry by test

0.02

0.03

.02

0.68

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

mode
Note. R² = .652, ∆ R² = .004, p > .05 for Step 2, ∆ R² = .043, p < .05 for Step 3, ∆ R² =
.000, p > .05 for Step 4. Overall model was statistically significant: F(4, 532) =
308.95, p = .000. Four cases with standardised residual values greater than -3 were
deleted.
* p < .05, *** p < .001
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Table 86
Hierarchical Multiple Regression of Distractibility and Test Mode on Number-Correct
on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.79

0.03

.80

31.22***

Correct time 1

0.79

0.03

.80

31.16***

Distractibility

0.00

0.03

-.00

-0.04

Correct time 1

0.77

0.02

.78

32.33***

Distractibility

-0.01

0.02

-.01

-0.53

Test mode

-0.20

0.02

-.22

-8.87***

Correct time 1

0.77

0.02

.78

32.31***

Distractibility

-0.01

0.02

-.02

-0.66

Test mode

-0.20

0.02

-.21

-8.82***

Distractibility by

0.02

0.02

.03

1.03

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .645, ∆ R² = .000, p > .05 for Step 2, ∆ R² = .046, p < .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 533) =
298.48, p = .000. Two cases with standardised residual values greater than -3 were
deleted, while three cases with Mahalanobis distance values > 18.467 were identified
as multivariate outliers and deleted.
*** p < .001
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Table 87
Hierarchical Multiple Regression of Control Cognitions and Test Mode on
Standardised Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
β
Step 1
Control cognitions
0.01
0.04
.01
Step 2
Control cognitions
-0.02
0.04
-.02
Test mode
-0.32
0.04
-.36
Step 3
Control cognitions
-0.01
0.04
-.01
Test mode
-0.32
0.04
-.36
Control cognitions
-0.02
0.04
-.02
by test mode
Note. Overall model significant: F(3, 540) = 26.32, p = .000. Four

t
0.18
-0.41
-8.87***
-0.32
-8.88***
-0.51
cases with

standardised residual values greater than -3 were deleted.
***p < .001

Table 88
Hierarchical Multiple Regression of Fear Cognitions and Test Mode on Standardised
Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
Step 1
Fear cognitions
-0.02
0.04
Step 2
Fear cognitions
0.00
0.04
Test mode
-0.34
0.04
Step 3
Fear cognitions
-0.00
0.04
Test mode
-0.34
0.04
Fear cognitions
0.05
0.04
by test mode
Note. Overall model significant: F(3, 532) = 24.58, p

β

t

-.01

-0.29

.01
-.35

0.18
-8.63***

.01
-.35
.05

0.02
-8.66***
1.22

= .000. Eight cases with

standardised residual values greater than -3 were deleted.
***p < .001
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Table 89
Hierarchical Multiple Regression of Worry Cognitions and Test Mode on
Standardised Residual Difference Scores for the Sample of Test C Examinees
Variables
Step 1
Worry cognitions

B

SE B

β

-0.11

0.04

-.11

t
-2.47*

Step 2
Worry cognitions
-0.08
0.04
-.08
-1.87
Test mode
-0.31
0.04
-.31
-8.45**
Step 3
Worry cognitions
-0.08
0.04
-.09
-1.94
Test mode
-0.31
0.04
-.31
-8.43**
Worry cognitions
0.02
0.04
.02
0.54
by test mode
Note. Overall model significant: F(3, 524) = 26.19, p = .000. Four cases with
standardised residual values greater than -3 were deleted, while nine cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
*p< .05; **p < .001
Table 90
Hierarchical Multiple Regression of Distractibility Cognitions and Test Mode on
Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
Step 1
Distractibility
0.00
0.04
cognitions
Step 2
Distractibility
-0.01
0.04
Test mode
-0.33
0.04
Step 3
Distractibility
-0.02
0.04
Test mode
-0.33
0.04
Distractibility
0.04
0.04
by test mode
Note. Overall model significant: F(3, 531) = 26.02,

β

t

.00

-0.03

-.01
-.36

-0.36
-8.79***

-.02
-.35
.04

-0.51
-8.73***
0.94

p = .000. Two cases with

standardised residual values greater than -3 were deleted, while six cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
***p < .001
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Table 91
Hierarchical Multiple Regression of Computer Use and Test Mode on NumberCorrect on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.81

0.03

.81

32.21***

Correct time 1

0.79

0.03

.80

31.11***

Computer Use

0.06

0.03

.06

2.30*

Correct time 1

0.77

0.02

.78

32.21***

Computer Use

0.05

0.02

.05

1.92

Test mode

-0.20

0.02

-.21

-8.90***

Correct time 1

0.77

0.02

.78

32.35***

Computer Use

0.04

0.03

.04

1.66

Test mode

-0.20

0.02

-.21

-8.84***

Computer Use by

0.02

0.02

.02

0.97

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .657, ∆ R² = .3 p > .05 for Step 2, ∆ R² = .043, p < .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 539) =
320.75, p = .000. Five cases with standardised residual values greater than -3 were
deleted, while one case with Mahalanobis distance values > 18.467 was identified as
multivariate outliers and deleted.
* p < .05; *** p < .001
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Table 92
Hierarchical Multiple Regression of Perceived Computer Proficiency and Test Mode
on Number-Correct on Test C at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.81

0.03

.81

32.50***

Correct time 1

0.80

0.03

.81

31.17***

Computer Proficiency

0.05

0.03

.05

1.82

Correct time 1

0.78

0.02

.78

32.37***

Computer Proficiency

0.12

0.02

.03

1.32

Test mode

-0.20

0.02

-.21

-8.85***

Correct time 1

0.78

0.02

.78

32.33***

Computer Proficiency

0.03

0.03

.03

1.29

Test mode

-0.21

0.02

-.21

-8.78***

Computer Proficiency

0.03

0.02

.03

1.05

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .661, ∆ R² = .002, p > .05 for Step 2, ∆ R² = .043, p < .05 for Step 3, ∆ R² =
.001, p > .05 for Step 4. Overall model was statistically significant: F(4, 538) =
324.00, p = .000. Three cases with standardised residual values greater than -3 were
deleted, while four cases with Mahalanobis distance values > 18.467 were identified as
multivariate outliers and deleted.
*** p < .001
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Table 93
Hierarchical Multiple Regression of Computer Anxiety and Test Mode on
Standardised Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
Step 1
Computer anxiety
-0.11
0.04
Step 2
Computer anxiety
-0.07
0.04
Test mode
-0.33
0.04
Step 3
Computer anxiety
-0.08
0.04
Test mode
-0.33
0.04
Computer anxiety
0.02
0.04
by test mode
Note. Overall model significant: F(3, 537) = 28.13, p

β

t

-.11

-2.51*

-.07
-.35

-1.80
-8.77***

-.08
-.35
.03

-1.90
-8.77***
0.64

= .000. Three cases with

standardised residual values greater than -3 were deleted, while four cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
***p < .001

Table 94
Hierarchical Multiple Regression of Computer Use and Test Mode on Standardised
Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
Step 1
Computer use
0.09
0.04
Step 2
Computer use
0.06
0.04
Test mode
-0.34
0.04
Step 3
Computer use
0.06
0.04
Test mode
-0.34
0.04
Computer use
0.04
0.04
by test mode
Note. Overall model significant: F(3, 538) = 28.31, p

β

t

.09

2.13*

.07
-.36

1.67
-8.86***

.06
-.35
.04

1.59
-8.81***
1.06

= .000. Four cases with

standardised residual values greater than -3 were deleted, while three multivariate
outliers with Mahalanobis distance values > 16.266 were deleted.
*p < .05; ***p < .001
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Table 95
Hierarchical Multiple Regression of Perceived Proficiency and Test Mode on
Standardised Residual Difference Scores for the Sample of Test C Examinees
Variables
B
SE B
Step 1
Perceived ability
0.07
0.04
Step 2
Perceived ability
0.04
0.04
Test mode
-0.32
0.04
Step 3
Perceived ability
0.03
0.04
Test mode
-0.34
0.04
Perceived ability
0.04
0.04
by test mode
Note. Overall model significant: F(3, 540) = 27.22, p

β

t

.07

1.74

.04
-.35

0.99
-8.77***

.03
-.35
.05

0.95
-8.69***
1.13

= .000. Three cases with

standardised residual values greater than -3 were deleted, while four cases with
Mahalanobis distance values > 16.266 were identified as multivariate outliers and
deleted.
***p < .001
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APPENDIX E: Exploration of the Psychometric and Behavioural Equivalence of
Test C Using a Sub-sample of Examinees
Introduction
In light of the unequal sample size used in Phase 2 of Study 1, the investigation of
psychometric and behavioural equivalence was undertaken on Test C using equal
sample sizes. Specifically, SPSS (2002) Version 10 was used to randomly select a subsample of examinees from the original sample used in Phase 2 of Study 1. As noted by
Goldberg (2000), when determining adequate sample size for a particular study the
following factors need to be considered: type of data analysis procedure being used,
the criteria for statistical significance or alpha level, the desired level of statistical
power and the effect size of the phenomenon under investigation. In light of these
factors, the most appropriate sample size needed for determining the equivalency of
Test C was calculated using “G Power” (Buchner, Erdfelder, & Faul, 1997) which
bases its calculations on Cohen’s (1988) guidelines. Based on the power analysis
performed (1988) a sample size of 296 was used to detect a medium effect of .25 at an
alpha level of .05 and a power level of .99.

Description of the Sample
Of the 148 participants randomly assigned to the paper-to-paper condition (P-P), 111
were male and 17 were female (20 did not report sex). The age range of the male
participants was 15 to 40 years (n = 108, mean age = 21.67, SD = 5.01), whilst the age
range of the female participants was 18 to 26 years (mean age = 20.78, SD = 2.53). Of
the 148 participants randomly assigned to the paper-to-computer condition (P-C), 124
were male and 24 were female. The age range of the male participants was 17 to 35
years (mean age = 21.40, SD = 4.20), whilst the age range of the female participants
was 17 to 29 years (mean age = 19.99, SD = 3.22).
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Demographic and computer-specific information was available for 275 participants.
However, there was some attrition in the sample size due to incomplete or missing
responses on some questionnaires. As shown in Table 96 the results of the chi-square
analyses suggest that the two samples are similar with respect to background
characteristics and level of computer experience and familiarity.

Table 96
Comparison of Test C Examinees on Background Information by Test Group
Background Information

Total
n (%)

P-P
n (%)

P-C
n (%)

Yes

118 (92.2)

142 (96.6)

2.58

No

10 (7.8)

5 (3.4)

English as first language

Level of education
4.93

School certificate

45 (35.2)

63 (43.8)

Higher school certificate

58 (45.3)

61 (42.4)

TAFE

18 (14.1)

18 (12.5)

University degree

7 (5.5)

2 (1.4)

Yes

43 (33.9)

46 (31.3)

No

84 (66.1)

101 (68.7)

Beginner

33 (26.2)

36 (24.3)

Intermediate

72 (57.1)

71 (48.0)

Advanced

21 (16.7)

41 (27.7)

Use computers in educational setting

102 (79.7)

119 (81.0)

0.07

Access to home computer

86 (67.7)

107 (72.8)

0.84

Access to computer at work

18 (14.1)

26 (17.7)

0.67

38 (29.7)

41 (27.9)

0.11

Exam on computer
0.21

Computer knowledge
4.85

Opportunity to use computers

Completed
program
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a

computer

training

Psychometric Equivalence
Test of Equality of Scale Means
Table 97 presents means and standard deviations for the computer and p&p versions of
Test C by test group and administration time. Although both groups showed an
improvement in performance across time, the mean test score for the P-P group was
higher than the P-C group at Times 1 and 2. Hence, an independent t-test was first
performed to determine whether both groups yielded comparable scores on the initial
p&p test.

Table 97
Means and Standard Deviations for Number-Correct on Test C by Test Group and
Administration Time
Time 1

Time 2

Group

n

M

SD

M

SD

P-P

148

19.32

5.27

21.51

5.24

P-C

148

17.85

5.54

18.39

5.55

The results of the independent t-test comparing performance on the initial p&p test for
the P-P group (M = 19.32, SD = 5.27) with that of the P-C group (M = 17.85, SD =
5.54) was found to be statistically significant, t(294) = 2.34, p = .020. Therefore,
examinees in the P-P group achieved significantly higher scores on average than
examinees in the P-C group. The strength of the relationship between p&p
performance and test group, as indexed by eta² was .02.
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In light of the significant between group effect found at Time 1, a one-way betweengroups ANCOVA was performed to test for a mode of administration effect at Time 2,
while controlling for initial p&p scores. The independent variable was test group (P-P
vs. P-C) and the dependent variable consisted of scores obtained on the second
examination of Test C. Examinees’ scores on the initial p&p test was used as the
covariate in the analysis. The assumptions of normality, linearity, homogeneity of
variances, homogeneity of regression slopes, and reliable measurement of the
covariate were tested and satisfied. After adjusting for initial p&p scores there was a
significant performance difference between the two test groups at Time 2, F(1, 293) =
28.35, p = .000, η² = .09. Specifically, when initial p&p scores were partialled out
participants completing Test C on p&p (adjusted mean = 20.91, SE = 0.25) obtained
significantly higher scores than participants completing Test C on computer (adjusted
mean = 19.00, SE = 0.25). Performance on the initial p&p test was a significant
covariate, F(1, 293) = 622.17, p = .000, η² = .68.

The difference in means at Time 2 between the p&p and computer-based
administration groups was also compared using the effect size calculated in terms of
Rasulis et al.’s (1996, p. 508) and again in terms of Cortina and Nouri (1999). Based
on Rasulis et al. (1996, p. 508) the square root of the mean square error (RMSE) was
used as an estimate of the pooled standard deviation since this number allowed
computation of the effect size for the means adjusted for the covariance. The
difference in unadjusted means was 1.91, yielding an effect size of .62. (RMSE =
3.06). Likewise, the effect size of the mean difference was also calculated using a
formula by Cortina and Nouri (1999), which uses the covariate adjusted means and
also the covariate adjusted standard deviation. Based on Cortina and Nouri (1999) the
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difference in the adjusted means yielded an effect of .61. This effect is within Cohen’s
(1988) range of ‘large’ effects, which range from .50 onwards. Moreover, the observed
difference in means of 1.91 points did reach the 0.62 points (i.e., 20 % of the adjusted
pooled standard deviation) needed for demonstrating practical significance (Taylor et
al., 1998).

Subsequently, an ANOVA was performed on the gain scores or difference scores to
determine whether there was a differential change in performance in the two groups
across time (Stevens, 1996). There was a significant difference in change scores with
participants in the P-P group showing greater improvement across time (M = 2.19, SD
= 3.00) than participants in the P-C group (M =0.54, SD = 3.39), F(1, 294) = 19.64, p
=.000, η² = .06.

Test of Equality of Scale Variances
Equality of score variances obtained on the first and second administrations of Test C
were tested using the t-test for equality of variances in dependent samples (Kirk,
1984). Of primary interest was the within-group comparison in the P-C group, where
within group differences in variance could be compared under both administration
conditions. For the P-C group, the dependent t-test for the variances yielded a nonsignificant statistical difference for the paper and computer test, t(147) = 0.31, p >.05.
Therefore, the computerised (σ2 = 30.77) and conventional (σ2 = 30.74) tests did not
differ significantly in the magnitude of their scale variance. Likewise, for the P-P
group a dependent t-test for homogeneity of variance yielded a non-significant
difference in the variance of scores obtained at Times 1 (σ2 = 27.79) and 2 (σ2 =
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27.45), t(147) = -1.19, p > .05. Therefore, comparable score variability was found
across time for both the P-P and P-C groups.

Differences between group variances were analysed by computing independent F

max

tests between the P-P and P-C group for the first and second administrations. For the
first administration, when both groups were administered the p&p test, there was no
significant difference in the variance of Test C scores, F(147, 147) = 1.11, p > .05.
When comparing scores on the second administration there was no significant
difference in the variability of scores obtained on the computer-based and p&p test,
F(147, 147) = 1.12, p > .05 (Kirk, 1984).

Comparison of Scale Distributions
Differences between these empirical distributions were tested using KolmogorovSmirnov test of no cumulative distribution difference against a two-sided alternative
(Chin et al., 1991; Spray et al., 1989). With regard to test mode, score distributions on
the p&p version and computer version of Test C were unequal, D = 2.03, p = .001.
When using test scores obtained at Time 1 a comparison of the empirical distributions
of the raw test scores did not reveal a significant difference at an adjusted alpha level
of .025, D = 1.40, p = .041. Therefore, score distributions on the conventional version
of Test C were equal.

Rank Order of Scores and Reliability
The correlation between the two p&p formats of Test C was found to be .84 (p < .001;
CI = .78 to .88). The correlation between the p&p and CBT was found to be .81 (p <
.001; CI = .75 to .86). The Fisher r-to-z transformation was used to test the difference
between the two independent correlations (Howell, 2001). The results indicated that
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the strength of correlation between Time 1 and Time 2 performance did not differ
significantly between the P-P and P-C groups, z = 0.64, p > .05. Hence, the pattern of
within-mode correlations for the P-P formats was similar to the cross-mode
correlations for the P-C formats indicating that the rank order of individuals was
basically unchanged across modes. This finding supports the argument that a similar
construct is being measured (Neuman & Baydoun, 1998).

Test-Level Differences in Speed of Responding by Test Mode
The effect of administration mode on test-taking behaviour was explored using the
same indices of test speededness in Section 6.3.5. Likewise, cross-mode differences in
item omit patterns were examined in accordance with Section 6.3.5.

Variance Index of Speededness
On the first administration the speededness ratio of 1.33 for the P-P group and 1.28 for
the P-C group suggests that the p&p version of Test C is highly speeded. On the
second administration, however, the speededness ratio decreased to 0.95 for the P-P
group and 0.87 for the P-C group. Therefore, examinees responded at a faster rate on
the second examination. However, a greater decrement in the speededness ratio was
found for the P-P group (0.38) than the P-C group (0.41). This result suggests that
participants in the P-P group progressed through the second administration at a faster
rate than the first administration. For the P-C group, however, a slight decrement in the
speededness ratio was found from the first to second administration. Therefore, the
practice effect was greatest when the mode of administration did not differ across
time.
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Proportion of Items Completed on Test C by Test Group and Administration
Time: Between Group Perspective
Table 98 shows frequency information on the number of participants completing 75 %,
all items and the last item on Test C as a function of test group and administration
time. When comparing test speededness by test group the p&p version of Test C was
found to be less speeded than the computer-based version.

Table 98
Cross Tabulation of Frequency and Percentage of Participants Attempting 75 %, All
Items, and the Last Item on Test C as by Test Group and Administration Time
Time 1

Time 2

P-P

P-C

P-P

P-C ª

Items attempted

n (%)

n (%)

n (%)

n (%)

75 % of Test C

70 (47.3)

64 (43.2)

106 (71.6)

48 (32.4)

All items

4 (2.7)

2 (1.4)

20 (13.5)

0 (0.00)

Last item

38 (25.7)

25 (16.9)

69 (46.6)

3 (2.0)

Specifically, at Time 1 when the p&p version of Test C was administered to both
examination groups a non-significant group effect was found in relation to the number
of participants completing 75 % of the test, χ²(1, N = 296) = 0.49, p = .484, all items
comprising Test C, χ²(1, N = 296) = 3.41, p = .065, and the last item on Test C, χ²(1, N
= 296) = 0.68, p = .409. Therefore, speed of responding and mode of administration
were independent at Time 1 when both groups received the p&p version of Test C.
This finding suggests that the P-P and P-C groups progressed through the conventional
test at a comparable speed at Time 1.
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On the second administration a significant group effect was found in relation to the
number of participants completing 75 % of the items on Test C, χ²(1, N = 296) =
45.53, p = .000, all items comprising Test C, χ²(1, N = 296) = 21.45, p = .000, and the
last item on Test C, χ²(1, N = 296) = 79.44, p = .000. As shown in Table 98, the nature
of the relationship was such that participants in the P-P group were more likely than
participants in the P-C group to complete 75 %, all items, and the last item comprising
Test C. The strength of each relationship as measured by the fourfold point correlation
coefficient was .39, .27 and .52 (Jaccard & Becker, 1997). Together, these findings
suggest that examinees in the P-P group progressed through the second administration
at a faster rate than participants in the P-C group.

Proportion of Items Completed on Test C by Test Group and Administration
Time: Within Group Perspective
For both the P-P and P-C group, a z-test for the difference between two correlated
proportions was used to compare differences in the percentage of participants
completing 75 %, all items and the last item on Test C at Time 1 versus Time 2
(Agresti & Finlay, 1997; Lowry, 2002a). For the P-P group, the results indicated that
at Time 2 relative to Time 1, a significantly greater proportion of participants
completed 75 % of the test items (z = 5.43, p < .05), completed all items on Test C (z =
4.00, p = < .05), and the last item comprising Test C (z = 4.62, p < .05). The opposite
pattern of results was found for the P-C group with a significantly smaller proportion
of participants completing 75 % of the test items (z = -2.83, p < .05), all items on Test
C (z = -1.41, p < .05), and the last item on Test C (z = -4.69, p < .05) at Time 2 relative
to Time 1. Taken together these findings suggest that participants in the P-P group
progressed through the second examination at a quicker rate than the first examination.
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Examinees in the P-C group, however, progressed through the CBT at a slower rate
than the p&p test.

Items Solved on Test C by Test Group and Administration Time
Descriptive statistics for the number of items solved, omitted and not-reached are
presented separately for the P-P and P-C groups in Table 99. Examinees in the P-P
group progressed through the second examination of Test C at a faster rate than the
first. Examinees in the P-C group, however, progressed through the second
examination at a slower rate than the first.

Table 99
Descriptive Statistics for the Number of Items Omitted, Not-reached and Solved on
Test C by Test Group and Administration Time
Group

Response

Time 1

Time 2

M

Mdn

SD

M

Mdn

SD

Omit

2.70

1.50

3.46

2.59

1.00

3.09

Not

8.10

9.00

6.07

4.48

2.50

5.16

Solved

29.20

29.00

5.23

32.93

33.00

5.15

Omit

2.48

.00

2.32

1.13

.00

2.32

Reached

9.37

9.00

6.29

11.65

11.00

5.18

Solved

28.15

29.00

5.43

27.22

28.00

5.22

P-P

Reached

P-C

a

Not

a

Time 2 item-level data missing for one participant in the P-C group. However, test-level
information was available (i.e., number-correct and incorrect, number-solved).

To further examine the effect of test mode on examinees speed of responding an
independent t-test was performed to compare the mean number of items solved at
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Time 1 for the P-P (M = 29.20, SD = 5.23) and P-C group (M = 28.16, SD = 5.42).
This test was found to be statistically non-significant, t(294) = 1.68, p = .094, η²
=.009. Given that no between group differences were found at Time 1 an ANOVA was
performed using difference or gain scores for the number of items solved as the
dependent variable (Stevens, 1996).

The results of the ANOVA indicated that the mean gain score for the P-P group (M =
3.73, SD = 3.36) differed significantly from the P-C group (M = -0.95, SD = 3.38),
F(1, 294) = 142.82, p = .000, η² = .33. This result suggests that participants in the P-P
group progressed through the second administration at a faster rate than the first
administration. For the P-C group, however, examinees speed of responding was
increased by the practice effect but decreased by the mode of administration effect
resulting in less net change across time.

A Between Group Comparison of Item Omit Patterns by Test Group and
Administration Time
Due to violations of the normality assumption the Wilcoxon rank sum test was used to
compare the P-P and P-C groups on the number of items omitted and not-reached at
Times 1 and 2. At Time 1, when both groups completed Test C in paper form, the
mean rank of the P-P group did not differ significantly from the mean rank of the P-C
group for item omits, N = 296, z = -0.82, p = .414, and not-reached items, N = 296, z =
-1.39, p = .164. On the second examination, however, cross mode differences were
found for the number of items omitted, N = 295, z = -4.58, p = .000, and not-reached,
N = 295, z = -9.78, p = .000. An inspection of the mean ranks indicated that the P-P
group (mean rank of 169.23) omitted significantly more items than the P-C group
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(mean rank of 126.63). The Glass rank biserial correlation coefficient was .29. Due to
the differential omit patterns the two groups also differed with regard to the number of
not-reached items. Specifically, the P-C group (mean rank of 196.30) yielded a greater
number of not-reached items than the P-P group (mean rank of 100.03). The strength
of the relationship as indexed by Glass rank biserial correlation was -.65.

Within Group Comparisons of Item Response Information as a Function of Time
Due to violations of the normality assumption a Wilcoxon matched-pairs signed rank
test was used to compare within group differences in test-taking behaviour across time.
Specifically, the Wilcoxon signed rank test was used to compare the number of items
omitted and not-reached at Time 2 versus Time 1 separately for both the P-P and P-C
groups. For the P-P group the rank sums for the number of items not-reached at Time
2 versus Time 1 was significantly different, n = 148, T = 561.50, z = -7.50, p = .000.
The rank sum for the positive difference (Rp = 561.50) was significantly smaller than
the rank sum for the negative difference (Rn = 5654.50) suggesting that examinees
reached more items on the second administration (i.e., fewer not-reached) than the
first. The strength of the relationship as indexed by the matched-pairs rank biserial
correlation coefficient was .46. However, the rank sums for the number of items
omitted at Time 2 did not differ significantly from the number of items omitted at
Time 1, n = 148, T = 2227.50, z = -0.37, p = .712.

For the P-C group the rank sums for the number of items not-reached at Time 2 versus
Time 1 was also found to be significantly different, n = 147, T = 1722.50, z = -5.47, p
= .000. The rank sum for the positive difference (Rp = 6152.50) was significantly
larger than the rank sum for the negative difference (Rn = 1722.50) suggesting that
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examinees reached fewer items on the second administration than the first. The
strength of the relationship as indexed by the matched-pairs rank biserial correlation
coefficient was .40. Likewise, the rank sums for the number of items omitted at Time
2 versus Time 1 was also found to be significantly different, n = 147, T = 1161.00, z =
-4.62, p = .000. The rank sum for the positive difference (Rp = 1161.00) was
significantly smaller than the rank sum for the negative difference (Rn = 3789.00).
Therefore examinees in the P-C group omitted significantly fewer items on the second
administration than the first. The strength of the relationship as indexed by the
matched-pairs rank biserial correlation coefficient was .24.

Taken together, a comparison of the within and between group effects suggest that
examinees test-taking behaviour differed as a function of administration mode.
Concerning within group effects, the findings suggest that participants in the P-P
group exhibited a practice effect with examinees solving and reaching more items on
the second administration than the first. The opposite was found for the P-C group
with participants solving and reaching significantly fewer items on the second
administration than the first. Moreover, unlike the P-P group examinees in the P-C
group skipped significantly fewer items at Time 2 relative to Time 1. For the P-P
group, however, no differences in the number of items omitted or skipped were found
across time. With regard to between-group effects, apparent differences in test-taking
behaviour were not found at Time 1 when both groups completed Test C in paper
form. When comparing mean ranks on the second examination, however, significant
between-group differences were found with participants in the P-P group reaching,
albeit omitting more items than the P-C group. Therefore, examinees in the P-P group
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progressed through the second examination at a faster rate than examinees in the P-C
group.

Cross-Mode Differences in Speed and Accuracy of Responding: Cross-Mode
Differences in Proportion Correct
To explore cross-mode differences in speed and accuracy of responding the proportion
of items answered correctly was calculated by dividing the number of correct
responses by the number of items solved. In order to satisfy the homogeneity of
variance assumption the data were transformed using the following mathematical
formula: arcsine (sqrt [prop]) where “prop” refers to proportion correct. Table 100
presents descriptive statistics for the proportion correct as a function of test group and
administration time.

Initially, an independent t-test was first performed to determine whether both groups
yielded comparable scores on the initial p&p test. This test was found to be
statistically non-significant, t(294) = 1.52, p = .129, η² =.008, indicating that the P-P
group (M = 0.96, SD = 0.14) achieved comparable scores to the P-C group (M = 0.93,
SD = 0.16).

Given that the two groups yielded comparable scores at Time 1 an ANOVA was
performed on difference or gain scores for the transformed proportion correct
(Stevens, 1996). This analysis was performed to determine whether there was a
differential change in examinees’ accuracy of responding across time.
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Table 100
Means and Standard Deviations of the Transformed Proportion Correct on Test C by
Test Group and Administration Time
Time 1

Time 2

Group

n

M

SD

M

SD

P-P

148

0.95

0.14

0.95

0.13

P-C

148

0.93

0.16

0.97

0.16

The results of the ANOVA indicated that the mean gain score for the P-P group (M =
0.00, SD = 0.10) differed significantly from the P-C group (M = 0.04, SD = 0.13), F(1,
294) = 14.93, p = .000, η² = .05. This finding suggests that the computerised version of
Test C induced more accurate responding than its conventional counterpart.

Summary
Taken together the present findings replicate those reported when using the total
sample of Test C examinees. Therefore, the present results also showed a discernible
influence of computerisation on test performance. Although similarities in rankings
were found across the computer and conventional tests the results demonstrated that
the two formats differed in terms of mean scale scores, dispersion, and distribution of
scores. From a behavioural perspective, differential speededness and item omit
patterns were found across the conventional and computerised versions of Test C. In
addition, the computerised test was found to induce slower albeit more accurate
responding than the conventional test. This empircal evidence suggests that the
conventional and computerised versions of Test C were neither psychometrically or
behaviourally equivalent.
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APPENDIX F: Background Information and Reliability and Regression Analyses
for Study 2

Table 101
Comparison of ACER-AQ Examinees on Background Information by Test Group
χ²

Background

P-C

C-P

C-C

P-P

characteristics

n (%)

n (%)

n (%)

n (%)

Yes

48 (96.0)

43 (91.8)

31 (93.9)

36 (100)

No

2 (4.0)

4 (08.5)

2 (6.1)

0 (0.0)

Female

40 (80.0)

33 (67.3)

24 (72.7)

27 (75.0)

Male

10 (20.0)

16 (32.7)

9 (27.3)

9 (25.0)

Yes

33 (64.7)

33 (67.3)

26 (78.8)

24 (66.7)

No

18 (35.3)

16 (32.7)

7 (21.2)

7 (21.2)

Beginner

15 (30.6)

2 (4.2)

2 (6.1)

4 (11.1)

Intermediate

16 (28.6)

25 (50.0)

16 (48.5)

10 (27.8)

Advanced

19 (40.8)

23 (45.8)

15 (45.5)

22 (61.1)

Opportunity to use

Yes

Yes

Yes

Yes

Home computer

50 (98.0)

45 (90.0)

32 (97.0)

35 (97.2)

4.49ª

Computer at work

18 (35.3)

17 (34.0)

9 (28.1)

13 (37.1)

0.69

Completed a

23 (45.1)

27 (54.0)

10 (31.3)

16 (44.4)

4.09

English as first
language
3.24ª

Sex
2.10

Exam on computer
2.05

Computer knowledge
21.25ª*

computers

computer training
program
ª Based on cells with expected count less than 5
* p <.01
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Table 102
Cronbach’s Alpha Coefficients for Measures of Anxiety, Computer Thoughts and
Computer Usage for the Entire Sample of ACER-AQ Examinees and by Test Group
Scale

Entire

P-C

C-P

P-P

C-C

.88

.83

.89

.85

.92

(167)

(50)

(49)

(36)

(32)

.92

.89

.92

.93

.95

(167)

(50)

(49)

(36)

(32)

.79

.80

.77

.74

.81

(170)

(51)

(50)

(36)

(33)

.91

.89

.86

.93

.92

(168)

(51)

(48)

(36)

(33)

.84

.77

.75

.88

.89

(170)

(51)

(50)

(36)

(33)

.83

.86

.68

.84

.85

(170)

(51)

(50)

(36)

(33)

.91

.91

.89

.93

.93

(168)

(51)

(48)

(36)

(33)

SACS-

.79

.81

.67

.81

.74

Physiological Symptoms

(170)

(51)

(50)

(36)

(33)

CAS-Anxiety

.89

.89

.89

.83

.94

(166)

(48)

(49)

(36)

(33)

.94

.93

.93

.94

.96

(163)

(49)

(48)

(34)

(31)

.94

.93

.93

.95

.96

(163)

(49)

(49)

(34)

(31)

.89

.89

.89

.89

.90

(167)

(49)

(36)

(36)

(32)

.90

.82

.92

.91

.93

(168)

(51)

(49)

(36)

(32)

.89

.89

.86

.90

.93

(164)

(50)

(49)

(34)

(31)

sample
SCS - Total

SCS-Control

SCS-Fear

SACS-Total

SACS- Worry

SACS-Distractibility

SACS- Happiness

MTAS-Total

MTAS – Worry

MTAS – Emotion
MTAS – Confidence

MTAS – Distractibility
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Table 102 (Continued)

Scale

Entire

P-C

C-P

P-P

C-C

.93

.94

.89

.96

.93

(167)

(50)

(49)

(36)

(32)

STAI-6

.88

.90

.76

.90

.92

(Time 1)

(171)

(53)

(50)

(35)

(33)

STAI-6

.87

.90

.82

.85

.89

(Time 2)

(167)

(50)

(50)

(34)

(33)

CUS

.78

.71

.74

.77

.86

(165)

(51)

(48)

(35)

(31)

.84

.81

.81

.86

.88

(168)

(50)

(49)

(36)

(33)

-

-

.88

.88

-

(46)

(41)

sample
STAI-Trait

PCPS

ATCAS

Note. Sample size appears in parentheses.
MTAS: Multidimensional Test Anxiety Scale; STAI: State-Trait Anxiety Inventory; CAS:
Computer Attitude Scale; SCS: Sense of Control Scale; SACS: State Anxiety in Computer
Situations Scale; CUS: Computer Usage Scale; PCPS: Perceived Computer Proficiency Scale;
ATCAS: Attitude Towards Computerised Assessment Scale.
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Table 103
Hierarchical Multiple Regression of Test Anxiety Distractibility and Test Mode on
Number-Correct on the ACER-AQ at Time 1
B

SE B

β

t

-0.14

0.10

-.14

-1.42

-0.13

0.10

-.13

-1.23

0.07

0.10

.07

0.71

-0.09

0.11

-.10

-0.94

Test mode

0.08

0.10

.09

0.82

Distractibility

0.13

0.11

.13

1.25

Variables
Step 1
Test anxiety
distractibility
Step 2
Test anxiety
distractibility
Test mode
Step 3
Test anxiety
distractibility

by test mode
Note. R² = .020, ∆ R² = .005 for Step 2, ∆ R² = .016 for Step 3 (ps >.05).
Overall model was statistically non-significant: F(3, 95) = 1.36, p = .259. One
multivariate outlier with Mahalanobis Distance > 16.266 was deleted.
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Table 104
Hierarchical Multiple Regression of Test Anxiety Confidence and Test Mode (P-C vs.
C-P) on Number-Correct on the ACER-AQ at Time 1
B

SE B

β

t

-0.11

0.09

-.12

-1.17

-0.10

0.09

-.11

-1.07

0.12

0.09

.13

1.30

-0.13

0.10

-.14

-1.34

Test mode

0.12

0.09

.13

1.30

Confidence

0.14

0.09

.15

1.49

Variables
Step 1
Test anxiety
confidence
Step 2
Test anxiety
confidence
Test mode
Step 3
Test anxiety
confidence

by test mode
Note. R² = .014, ∆ R² = .017 for Step 2, ∆ R² = .022 for Step 3 (ps >.05).
Overall model was statistically non-significant: F(3, 95) = 1.78, p = .156.
One outlier with standardised residual value greater than 3 was deleted.
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Table 105
Hierarchical Multiple Regression of Emotionality and Test Mode (P-C vs. C-P)
on Number-Correct on the ACER-AQ at Time 1
B

SE B

β

t

-0.19

0.10

-.20

-1.96

-0.18

0.10

-.18

-1.81

0.05

0.10

.06

0.56

-0.16

0.11

-.16

-1.50

Test mode

0.06

0.10

.06

0.63

Emotionality

0.08

0.11

.08

0.75

Variables
Step 1
Test anxiety
emotionality
Step 2
Test anxiety
emotionality
Test mode
Step 3
Test anxiety
emotionality

by test mode
Note. R² = .038, ∆ R² = .003 for Step 2, ∆ R² = .006 for Step 3 (ps >.05).
Overall model was statistically non-significant: F(3, 95) = 1.55, p = .206.
One multivariate outlier with Mahalanobis Distance > 16.266 was deleted.
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Table 106
Hierarchical Multiple Regression of Test Anxiety Worry and Test Mode (P-C vs. C-P)
on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.52***

Correct time 1

0.75

0.06

.76

12.08***

Test anxiety worry

-0.11

0.06

-.11

-1.75

Correct time 1

0.75

0.06

.76

11.98***

Test anxiety worry

-0.10

0.06

-.10

-1.55

Test mode

0.05

0.06

.05

0.76

Correct time 1

0.76

0.07

.77

11.53***

Test anxiety worry

-0.09

0.06

-.10

-1.51

Test mode

0.05

0.06

.05

0.74

Worry by

-0.03

0.06

-.03

-0.46

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .618, ∆ R² = .012 for Step 2, ∆ R² = .002 for Step 3, ∆ R² = .001 for Step 4
(ps >.05). Overall model was statistically significant: F(4, 94) = 40.48, p = .000.
One outlier with standardised residual value greater than -3 was deleted.
*** p < .001
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Table 107
Hierarchical Multiple Regression of Test Anxiety Distractibility and Test Mode (P-C
vs. C-P) on Number-Correct at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.52***

Correct time 1

0.77

0.06

.79

12.39***

Test anxiety

0.02

0.06

.02

0.26

Correct time 1

0.77

0.06

.78

12.27***

Distractibility

0.03

0.06

.03

0.43

Test mode

0.07

0.06

.07

1.14

Correct time 1

0.77

0.06

.78

12.11***

Distractibility

0.03

0.06

.03

0.41

Test mode

0.07

0.06

.07

1.13

Distractibility by

-0.01

0.06

-.01

-0.10

Variables
Step 1
Correct time 1
Step 2

distractibility
Step 3

Step 4

test mode
Note. R² = .618, ∆ R² = .000 for Step 2, ∆ R² = .005 for Step 3, ∆ R² = .000 for Step 4
(ps >.05). Overall model was statistically significant: F(4, 94) = 38.89, p = .000.
One outlier with standardised residual value greater than -3 was deleted.
*** p < .001

457

Table 108
Hierarchical Multiple Regression of Test Anxiety Confidence and Test Mode (P-C vs.
C-P) on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.52***

Correct time 1

0.76

0.06

.78

12.37***

Test anxiety

-0.06

0.06

-.07

-1.07

Correct time 1

0.76

0.06

.77

12.22***

Confidence

-0.06

0.06

-.04

-.98

Test mode

0.06

0.06

.06

1.01

Correct time 1

0.77

0.06

.79

12.38***

Confidence

-0.04

0.06

-.04

-0.68

Test mode

0.06

0.06

.06

1.01

Confidence by

-0.09

0.07

-.09

-1.47

Variables
Step 1
Correct time 1
Step 2

confidence
Step 3

Step 4

test mode
Note. R² = .618, ∆ R² = .004 for Step 2, ∆ R² = .004 for Step 3, ∆ R² = .008 for Step 4
(ps >.05). Overall model was statistically significant: F(4, 94) = 40.84, p = .000.
One outlier with standardised residual value greater than -3 was deleted.
*** p < .001
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Table 109
Hierarchical Multiple Regression of Test Anxiety Emotionality and Test Mode (P-C vs.
C-P) on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.07

.77

11.84***

Correct time 1

0.76

0.07

.75

11.51***

Test anxiety

-0.08

0.06

-.09

-1.31

Correct time 1

0.75

0.07

.75

11.39***

Emotionality

-0.08

0.07

-.08

-1.22

Test mode

0.03

0.06

.03

0.49

Correct time 1

0.77

0.07

.76

11.63***

Emotionality

-0.10

0.07

-.10

-1.53

Test mode

0.03

0.06

.03

0.41

Emotionality by

-0.11

0.07

-.11

-1.72

Variables
Step 1
Correct time 1
Step 2

emotionality
Step 3

Step 4

test mode
Note. R² = .589, ∆ R² = .007 for Step 2, ∆ R² = .001 for Step 3, ∆ R² = .012 for Step 4
(ps >.05). Overall model was statistically significant: F(4, 95) = 36.99, p = .000.
*** p < .001
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Table 110
Hierarchical Multiple Regression of Trait Anxiety and Test Mode (P-C vs. C-P) on
Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.59***

Correct time 1

0.77

0.06

.79

12.47***

Trait anxiety

0.01

0.06

.01

0.10

Correct time 1

0.77

0.06

.78

12.32***

Trait anxiety

0.01

0.06

.01

0.10

Test mode

0.07

0.06

.07

1.09

Correct time 1

0.77

0.06

.79

12.31***

Trait anxiety

0.00

0.06

.00

-0.02

Test mode

0.07

0.06

.07

1.08

Trait anxiety by

-0.05

0.06

-.05

-0.81

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .618, ∆ R² = .000 for Step 2, ∆ R² = .005 for Step 3, ∆ R² = .003 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 95) = 39.63, p = .000.
One outlier with standardised residual value greater than -3 was deleted.
*** p < .001
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Table 111
Hierarchical Multiple Regression of State Anxiety and Test Mode (P-C vs. C-P) on
Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.78

0.06

.80

13.05***

Correct time 1

0.78

0.06

.80

12.98***

State anxiety

-0.01

0.06

-.01

-0.09

Correct time 1

0.77

0.06

.78

12.73***

State anxiety

-0.01

0.06

-.01

-0.14

Test mode

0.08

0.06

.09

1.38

Correct time 1

0.77

0.06

.79

12.61***

State anxiety

-0.02

0.07

-.02

-0.23

Test mode

0.08

0.06

.08

1.36

State anxiety by

-0.03

0.07

-.03

-0.46

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .63, ∆ R² = .000 for Step 2, ∆ R² = .007 for Step 3, ∆ R² = .001 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 96) = 42.72, p = .000.
One outlier with standardised residual value greater than -3 and one multivariate
outlier with Mahalanobis Distance > 18.467 were deleted.
*** p < .001
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Table 112
Hierarchical Multiple Regression of Computer Thoughts and Test Mode (P-C vs. C-P)
on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.65***

Correct time 1

0.76

0.06

.78

12.19***

Computer thoughts

-0.04

0.06

-.04

-0.68

Correct time 1

0.75

0.06

.78

12.13***

Computer thoughts

-0.03

0.06

-.03

-0.41

Test mode

0.07

0.06

.08

1.20

Correct time 1

0.76

0.06

.78

12.06***

Computer thoughts

-0.03

0.07

-.03

-0.42

Test mode

0.07

0.06

.08

1.17

Computer thoughts

-0.02

0.06

-.02

-0.37

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .622, ∆ R² = .002 for Step 2, ∆ R² = .006 for Step 3, ∆ R² = .001 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 94) = 40.08, p = .000
One case with standardised residual value greater than -3 was deleted and one case
with Mahalanobis distance greater than 18.467 was deleted.
*** p < .001
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Table 113
Hierarchical Multiple Regression of Control Cognitions and Test Mode (P-C vs. C-P)
on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.59***

Correct time 1

0.76

0.06

.77

12.06***

Control cognitions

0.08

0.06

.08

1.25

Correct time 1

0.75

0.06

.76

11.95***

Control cognitions

0.07

0.06

.07

1.13

Test mode

0.06

0.06

.06

0.96

Correct time 1

0.75

0.06

.77

11.91***

Control cognitions

0.07

0.06

.07

1.09

Test mode

0.06

0.06

.06

0.96

Control cognitions

0.02

0.06

.03

0.42

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .622, ∆ R² = .004 for Step 2, ∆ R² = .006 for Step 3, ∆ R² = .000 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 95) = 40.14, p = .000
One case with standardised residual value greater than -3 was deleted.
*** p < .001
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Table 114
Hierarchical Multiple Regression of Fear Cognitions and Test Mode (P-C vs. C-P) on
Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Score
B

SE B

β

t

0.77

0.06

.79

12.65***

Correct time 1

0.77

0.06

.79

12.50***

Fear cognitions

0.00

0.06

.00

-0.04

Correct time 1

0.76

0.06

.78

12.40***

Fear cognitions

0.02

0.06

.02

0.28

Test mode

0.08

0.06

.09

1.35

Correct time 1

0.76

0.06

.79

12.29***

Fear cognitions

0.00

0.07

.00

0.05

Test mode

0.08

0.06

.08

1.26

Fear cognitions by

-0.03

0.07

-.03

-0.42

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

test mode
Note. R² = .622, ∆ R² = .000 for Step 2, ∆ R² = .007 for Step 3, ∆ R² = .001 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 94) = 40.05, p = .000
One case with standardised predicted value greater than negative three was deleted
and one case with Mahalanobis distance greater than 18.467 was deleted.
***p <.001
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Table 115
Hierarchical Multiple Regression of Computer-Specific Worry Cognitions and Test
Mode (P-C vs. C-P) on Number-Correct on the ACER-AQ at Time 2 Controlling for
Time 1 Scores
B

SE B

β

t

0.78

0.06

.79

12.58***

Correct time 1

0.77

0.06

.78

12.18***

Worry cognitions

-0.04

0.06

-.04

-0.62

Correct time 1

0.76

0.06

.77

12.02***

Worry cognitions

-0.03

0.06

-.04

-0.57

Test mode

0.06

0.06

.06

0.97

Correct time 1

0.77

0.06

.78

12.00***

Worry cognitions

-0.04

0.06

-.04

-0.58

Test mode

0.06

0.06

.06

0.97

Worry cognitions

-0.05

0.06

-.05

-0.73

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .620, ∆ R² = .002 for Step 2, ∆ R² = .004 for Step 3, ∆ R² = .002 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 94) = 39.58, p = .000
One case with standardised residual value greater than -3 was deleted.
*** p < .001
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Table 116
Hierarchical Multiple Regression of Computer-Specific Distractibility Cognitions and
Test Mode (P-C vs. C-P) on Number-Correct on the ACER-AQ at Time 2 Controlling
for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.59***

Correct time 1

0.77

0.06

.79

12.51***

Distractibility

0.03

0.06

.03

0.42

Correct time 1

0.77

0.06

.78

12.42***

Distractibility

0.04

0.06

.05

0.71

Test mode

0.08

0.06

.08

1.24

Correct time 1

0.78

0.07

.79

11.81***

Distractibility

0.03

0.07

.03

0.46

Test mode

0.07

0.06

.08

1.15

Distractibility

-0.03

0.07

-.03

-0.45

Variables
Step 1
Correct time 1
Step 2

cognitions
Step 3

Step 4

by test mode
Note. R² = .618, ∆ R² = .001 for Step 2, ∆ R² = .006 for Step 3, ∆ R² = .001 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 95) = 39.65, p = .000
One case with standardised residual value greater than negative -3 was deleted.
*** p < .001
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Table 117
Hierarchical Multiple Regression of Computer Use and Test Mode (P-C vs. C-P) on
Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.77

0.06

.79

12.59***

Correct time 1

0.75

0.06

.77

11.85***

Computer use

0.07

0.06

.07

1.11

Correct time 1

0.75

0.06

.76

11.78***

Computer use

0.06

0.06

.06

0.92

Test mode

0.06

0.06

.06

0.90

Correct time 1

0.75

0.06

.76

11.74***

Computer use

0.06

0.06

.06

0.95

Test mode

0.05

0.06

.06

0.89

Computer use

-0.03

0.06

-.03

-0.51

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .618, ∆ R² = .005 for Step 2, ∆ R² = .003 for Step 3, ∆ R² = .001 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 95) = 39.91, p = .000
One case with standardised residual value greater than –3 was deleted.
*** p < .001
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Table 118
Hierarchical Multiple Regression of Perceived Computer Proficiency and Test Mode
(P-C vs. C-P) on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1
Scores
B

SE B

β

t

0.77

0.06

.79

12.59***

Correct time 1

0.76

0.06

.77

11.91***

Perceived proficiency

0.06

0.06

.06

0.91

Correct time 1

0.75

0.06

.77

11.81***

Perceived proficiency

0.05

0.06

.05

0.81

Test mode

0.06

0.06

.06

1.01

Correct time 1

0.75

0.06

.76

11.66***

Perceived proficiency

0.05

0.06

.05

0.82

Test mode

0.06

0.06

.06

1.01

Perceived proficiency

-0.02

0.06

-.02

-0.30

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .618, ∆ R² = .001 for Step 2, ∆ R² = .006 for Step 3, ∆ R² = .001 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 95) = 39.67, p = .000
One case with standardised residual value greater than -3 was deleted.
*** p < .001
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Table 119
Hierarchical Multiple Regression of Computer Anxiety and Test Mode (P-C vs. C-P)
on Number-Correct on the ACER-AQ at Time 2 Controlling for Time 1 Scores
B

SE B

β

t

0.78

0.06

.78

12.41***

Correct time 1

0.75

0.06

.75

12.00***

Computer anxiety

-0.17

0.07

-.16

-2.56*

Correct time 1

0.74

0.06

.75

11.87***

Computer anxiety

-0.16

0.07

-.16

-2.50*

Test mode

0.05

0.06

.05

0.88

Correct time 1

0.74

0.06

.75

11.88***

Computer anxiety

-0.16

0.07

-.16

-2.47*

Test mode

0.05

0.06

.05

0.83

Computer anxiety

-0.05

0.07

-.05

-0.83

Variables
Step 1
Correct time 1
Step 2

Step 3

Step 4

by test mode
Note. R² = .616, ∆ R² = .025 for Step 2, ∆ R² = .003 for Step 3, ∆ R² = .003 for Step 4
(ps > .05). Overall model was statistically significant: F(4, 93) = 42.55, p = .000
One case with a standardised residual value greater than -3 and two cases with
Mahalanobis distance greater than 18.467 were deleted.
*p < .05; *** p < .001
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